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ES – Executive Summary 
The importance of environmental flows to the health of Galveston Bay has been considered by the 
Region H Water Planning Group throughout the regional water planning process.  The Region H 
Regional Water Planning Group adopted Bay & Estuary (B&E) target flow recommendations 
developed by the Galveston Bay Freshwater Inflows Group (GBFIG) in both the 2001 and 2006 
Region H Regional Water Plans.  Most recently in the 2006 Region H Regional Water Plan (RWP) the 
impacts of implementing water management strategies (WMS) were determined for the year 2060 
condition.  This analysis demonstrated a decrease in freshwater inflows to Galveston Bay as current 
levels of water use are increased to full authorized diversion.  However, models of the projected 
future conditions demonstrated that freshwater inflow targets were met at levels approaching or 
exceeding the recommendations of GBFIG for scenarios which included expected return flows.  
However, the 2006 study stopped short of identifying resulting impacts to Bay and Estuary (B&E) 
inflows from individual WMS. 

Additionally, no analysis was completed in the 2006 study which examined impacts to environmental 
flows at specific stream segments.  Instream flows were further assessed in a study by the Texas 
Water Development Board that was included in the 2007 State Water Plan (SWP) with participation 
by the Region H Planning Group.  However, again no analysis was completed during this study which 
related individual WMS to impacts on environmental flows. 

In order to address these issues, the Region H Planning Group authorized a study to evaluate a 
variety of flow conditions for the year 2060 and examine the impacts of individual WMS.  The Water 
Rights Analysis Package (WRAP) was executed for five baseline conditions which did not include 
Region H strategies, plus 12 sets of strategy models that were intended to isolate the impacts of 
individual Region H WMS.  Strategy models were developed from a base model representing Full 
Authorized Diversion conditions with expected return flows and no term permits.  Additionally, a study 
was undertaken to assess methodologies for increasing the frequency at which B&E inflows targets 
were attained and assess the impacts such an approach would have upon existing and future water 
supplies. 

ES.1 Development of Water Availability Models for Evaluating 
Management Strategies 

Several model conditions were devised and executed for the Neches-Trinity, Trinity, Trinity-San 
Jacinto, San Jacinto, San Jacinto-Brazos, and Brazos Basins to determine the impacts of WMS on 
inflows to Galveston Bay as well as instream flows.  Each model represented a particular condition 
that could be compared to other simulations to determine incremental impacts from individual 
strategies.  The resulting flows were compared on a basis of frequency to identify any impacts from 
future strategies. 

The following modeling scenarios were evaluated for this study: 

• Scenario A: Naturalized Flow 

• Scenario B: Existing Diversions With Full Return Flows 

• Scenario C: Full Authorized Diversions With Full Return Flows 

• Scenario D: Future 2060 Conditions With Existing Permits and Full Return Flows 
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• Scenario E: Future 2060 Conditions With Return Flows and All Recommended WMS 

• Scenario F: Full Authorized Diversions With No Return Flows  

This study selected 17 of the recommended WMS from the 2006 Region H Regional Water Plan as 
potential candidates for modeling.  The WMS selected for study are summarized below.  For 
additional details, see Chapter 4 of the 2006 Region H RWP.  Estimated Year 2060 yields for the 
strategies are shown in Table ES-1.  

Table ES-1.  WMS Supply Volume for Selected Strategies 

No. Strategy Volume1 
(ac-ft) 

1 Municipal Conservation 101,000 

2 Irrigation Conservation 77,900 

3 Freeport Desalination 28,000 
4 Expanded Groundwater 91,000 
5 Expand/Increase Contracts 68,300 
6 New Contracts 293,400 
7 BRA System Operations 163,700 
8 Allens Creek Reservoir 97,400 
9 Little River Off-Channel Reservoir 32,100 

10 Non-Municipal Contractual Transfers 21,000 
11 Wastewater Reuse for Industry 67,200 
12 Trinity River Authority (TRA) to Houston Contract 150,000 
13 TRA to San Jacinto River Authority (SJRA) Contract 50,000 
14 Houston to GCWA Contract 56,000 
15 Houston Indirect Reuse 52,500 
16 North Harris County Regional Water Authority (NHCRWA) Indirect Reuse 31,400 
17 Lake Houston Additional Yield 21,000 

1. Rounded to nearest 100 ac-ft. 
2. Modeled at full unallocated volume of 32,500 ac-ft. 
 

ES.2 Impacts to Bay and Estuary Inflows 

ES.2.1 B&E Inflow Targets and Attainment Frequency  

WRAP strategy model output was used to determine effects of WMS implementation on B&E flows 
into Galveston Bay for the Year 2060 condition.  Monthly median B&E flows were determined for A, 
B, C, D0, E, and F.  The strategy models (DX) represent a Full Authorized Diversion scenario with the 
inclusion of expected return flows and strategies from upstream regions.  A comparison of monthly 
medians is given in Figure ES-1 below.   
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Figure ES-1.  WRAP Model Median Monthly Bay and Estuary Inflows 
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As shown in Figure ES-1, median flows for the D0 and E models are lower than the naturalized flows 
but higher than the TCEQ Run 3 (full diversions with limited return flows) model.  This is partially due 
to the inclusion of expected return flows (see the C model curve) and partially due to the inclusion of 
WMS.  Median flows for the E model were also found to be slightly lower than current conditions for 
the majority of the year, but exceed current conditions for March, April, September, and November.  
B&E flows for the E model were also evaluated with reference to B&E inflow targets recommended by 
the TWDB and Texas Parks and Wildlife Department.  There are three sets of targets designed for 
maintaining fisheries.  These are: 

• Max H – sequence of monthly inflows for maximum B&E fisheries harvest  

• Min Q – sequence of monthly inflows that minimizes the annual volume needed to maintain the 
B&E fisheries harvest  

• Min Q-Sal – sequence of monthly inflows that maintains B&E salinity constraint  

Monthly values for all three annual targets for the Galveston Bay system are given in Table ES-2 
below.  In general, Max H represents a target condition for ultimate production while Min Q-Sal 
represents a base condition that must be maintained on a more reliable basis.  
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Table ES-2.  Monthly Galveston Bay Inflow Targets 

Month Max H Min Q Min Q-Sal 
1 150,500 150,500 150,490 

2 155,200 216,700 216,700 
3 652,800 363,900 363,900 
4 632,500 352,600 267,270 
5 1,273,700 679,700 309,970 
6 839,700 448,100 413,560 
7 211,500 232,700 211,500 
8 140,000 154,000 140,000 
9 103,000 330,200 102,960 

10 78,600 251,900 78,600 
11 351,500 351,500 164,390 
12 626,800 626,800 93,870 

TOTAL 5,215,800 4,158,600 2,513,210 

Region H formally adopted GBFIG-proposed frequencies for meeting TWDB flow targets during the 
2001 cycle of Regional Water Planning.  GBFIG proposed a 50 percent frequency of attainment for 
Max H, 60 percent for Min Q, and 75 percent for Min Q-Sal (2006 Region H RWP).  GBFIG-proposed 
frequencies were presented to the Region H Planning Group during the 2001 Regional Water 
Planning cycle and were adopted by the Region H Planning Group for the 2001 RWP.  For additional 
information and documentation, please see the 2001 and 2006 Region H RWPs.  However, the 
GBFIG recommendations do not explicitly address how to measure frequency of attaining these 
targets, nor do they define a desired frequency for the seasonality (i.e., monthly distribution) of 
freshwater inflows.  For this study, the recommended annual frequency was used as a placeholder for 
the evaluation of seasonal variations (i.e., monthly distribution).  Targets were assumed to be attained 
for a time period in which the flow met or exceeded the target.  The frequency of meeting target flows 
(frequency of target attainment [FTA]) on an annual basis is given in Table ES-3. 

Table ES-3.  Frequency of Target Attainment 

Scenario Max H 
(%) 

Min Q 
(%) 

Min Q-Sal 
(%) 

GBFIG Recommendation 50 60 75 

A - Naturalized 68 67 83 

B – Current Conditions 63 58 79 

C – Full Diversion 59 53 75 

D – 2060 Conditions 60 56 74 

E – All Strategies 62 59 77 

F – TCEQ Run 3 43 43 56 

As shown in the table, the E model meets the recommended GBFIG annual B&E targets at the 
desired frequency for both the Max H and Min Q-Sal flow.  The frequency of attainment for Min Q for 
the E model is 59 percent, just one percent less than the recommended 60 percent proposed by 
GBFIG.  FTA can also be viewed from a seasonal and monthly perspective, as shown in 



 Region H Water Planning Group 
July 2009 Environmental Flows Study 

 ES-5 

Figures ES-2 and ES-3 for Max H and Min Q-Sal.  On a monthly basis, FTA was assumed to reach its 
goal for a particular month if the count of that month during the period of record exceeded the 
frequency goal.  For example, if 50 percent or more of the Januarys in the period of record reached 
the Max H flow target, the desired Max H FTA for January was considered to be met.  For the 
purpose of this study, three seasons were developed based on the observed flow regime.  The spring 
season was assumed to consist of the months from March through June, while summer was 
represented as July through October, and the winter season represented as November through 
February.  Dividing the months into seasons required careful consideration of flow patterns.  As 
shown in Figure ES-1, there is a clear three-season pattern to the median monthly bay and estuary 
(B&E) flows.  To avoid complicating analysis and creating a biased weighting of certain months, the 
seasons were divided into three periods of equal four-month length.  As shown in the figure, there is a 
very distinct low-flow regime from July through October.  Defining the summer season around this 
low-flow period resulted in November being the beginning of the winter category and March being at 
the start of spring.  Seasonal FTA was calculated as an average of the frequency of attainment for the 
component months for the season.  Similarly, annual FTA was calculated as an average of the FTA 
values for all 12 months of the year. 

Figure ES-2.  Seasonal Frequency of Target Attainment 
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Percent Attainment of Minimum Min Q-Sal Inflow Targets by Season
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Figure ES-3.  Monthly Frequency of Target Attainment 
Percent Attainment of Minimum Max H Inflow Targets by Month
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In addition to the E model, all strategies were modeled separately to determine their individual 
impacts.  The impacts of each strategy contributed only minor variation in frequency of B&E target 
attainment to the base model; the majority of months showed no change, with the few months altered 
typically varying from the base model by ± 2 percent frequency or less.   
 
ES.2.2 Location of B&E Inflows 

Implementation of WMS will impact not only the FTA but also the proportion of inflow supplied by 
each basin.  This is especially important given that several strategies proposed involve IBTs of water 
in the Trinity and San Jacinto Basins, which are the primary contributors to B&E flow.  B&E inflows for 
the San Jacinto and Trinity Basins for several model runs are shown in Figure ES-4.   
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Figure ES-4.  B&E Contributions of the San Jacinto and Trinity Basins 
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As shown in the figure, for naturalized conditions as well as the current conditions model, B&E inflows 
are dominated by the Trinity Basin.  The proportion of flow provided by the Trinity is lower for the 
remaining models, including the C model (Full Authorized Diversions + expected return flow).  
However, the implementation of upstream WMS shown for the D0 model causes an increase in the 
relative contributions of the Trinity as compared to the C model.  The proportion is slightly lower for 
the E model, demonstrating that the Region H strategies slightly increase the proportion of water 
coming from the San Jacinto Basin.  This is largely due to the IBT of water into the San Jacinto 
system.  

ES.3 Evaluation of Alternatives for Meeting GBFIG Targets 

ES.3.1 Concept and Target Conditions 

As part of the scope of services for the environmental flows investigation, alternatives were 
considered to allow the WMS (E) models to meet B&E flow targets at the desired frequency for Year 
2060 conditions.  The goal of the modeling process was to assess if a methodology could be 
developed to achieve a desired target B&E inflow frequency while also maintaining current and future 
water supplies (without reducing firm yields).  Modified WMS models were developed for Max H and 
Min Q-Sal.  Models are based on a Year 2060 full diversion scenario with expected return flows and 
all modeled WMS strategies (E model base).   

ES.3.2 Methodology 

It was assumed that B&E inflow targets are achieved by any flow that equals or exceeds the target 
flow.  FTA is increased by increasing the number of months meeting the volume target, but not by 
uniformly increasing volumes.  The most efficient way to achieve this is to target the months with the 
smallest shortages and increase the B&E flows for those months to target levels.   
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The option for increasing monthly B&E flows that is least likely to interfere directly with the priority 
system is the discrete release of water from reservoir storage.  From a reservoir operations 
standpoint, this is equivalent to managing releases when shortages for a particular month are less 
than some specified level.  Such an operating scenario in which reservoir releases would be made to 
address only the smallest B&E target flow shortages would minimize the volume of reservoir releases 
needed to meet frequency goals and in turn decreases the possibility of reducing the firm yield of 
existing and future water rights.  The range of Max H shortages is shown in Figure ES-5.   

Figure ES-5.  Monthly Target Shortages for Max H 
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While there are a large number of months with shortages and a median shortage value of 
230,000 acre-feet, only a limited number of the smallest shortages must be corrected to achieve the 
desired frequency goals (50 percent for Max H and 75 percent for Min Q-Sal).  

For the Max H condition, frequency of attainment of monthly B&E targets for the E model, described 
earlier, was compared to the target frequency of attainment.  Note that the target frequency of 
attainment for each B&E condition (Max H, Min Q, and Min Q-Sal) are the frequency goals as defined 
by GBFIG and evaluated in this study.  For months with frequencies less than 50 percent, the 
frequency shortage was defined as the difference between 50 percent and the simulated frequency of 
attainment.  Months with shortages below the targets were identified and ranked in size.  Months with 
the smallest shortages were selected for adjustment by pulling adequate supply out of reservoir 
storage to meet the Max H target.  The target months selected for modification are illustrated in 
Figure ES-6.   
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Figure ES-6.  Frequency and Volume of Reservoir Releases for Max H Attainment 
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A similar process was carried out for the Min Q-Sal targets, with the goal for frequency of attainment 
set to 75 percent.   

 
ES.4 Impacts to Future Water Supply 

The impacts to future water supply as a result of the methodology used to address B&E target flow 
shortages can be demonstrated as a function of future firm yield and future reservoir storage.  The 
release of stored water from Lake Houston and Lake Livingston will result in a reduction of water 
supply available for diversion for both of these reservoirs as well as potential upstream supply 
reductions.  Supply impacts can be quantified as a reduction in future firm yield and/or a reduction in 
future reservoir storage. 

ES.4.1 Water Right Yield 

Firm yields were calculated for the E and revised models for key rights, including supplies identified in 
the 2006 RWP as well as potentially impacted WMS.  Results from the revised models were 
compared to the E model to determine any change in minimum annual diversion.  The results, shown 
in Table ES-4 below, demonstrate that, in spite of the significant effects on reservoir levels, the 
altered reservoir operations used to meet FTA goals do not alter the firm yields of the Trinity or San 
Jacinto Basins.  This is because the reservoirs do not empty at any time during the study and monthly 
diversions continue to be met from a combination of reservoir inflow and stored water. 
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Table ES-4.  Minimum Annual Diversions for Max H and Min Q-Sal Reservoir Operation 

Model Minimum Annual Diversion 
(ac-ft) 

Basin Description Permit 
(ac-ft) 

E Revised 
Max H 

Revised 
Min Q-Sal 

San 
Jacinto Lake Houston 168,000 168,000 168,000 168,000 

San 
Jacinto Lake Conroe 100,000 82,266 82,266 82,266 

Trinity COH Livingston 940,800 940,800 940,800 940,800 
Trinity *SJRA/Devers ROR 58,500 58,285 58,285 58,285 
Trinity *COH/Dayton 38,000 34,084 34,084 34,084 
Trinity CLCND - Lake Anahuac 39,613 9,317 9,317 9,317 
Trinity *CLCND Fixed Right - CWA 73,334 73,334 73,334 73,334 
Trinity *SJRA - CLCND Fixed Right - CWA 30,000 30,000 30,000 30,000 
Trinity Livingston - TRA 403,200 403,200 403,200 403,200 

**Established through fixed right agreements. 

 

The above results, indicating no impact to firm yield supply due to reservoir releases, is a result 
primarily of the inclusion of expected return flows in the E model.  The import of water coupled with 
the inclusion of expected return flows in the E model creates significant volumes of water in the lower 
Trinity and San Jacinto basins made available for firm yield diversions and B&E flow releases.  These 
return flows, however, are not currently permitted for use in the lower basins and it is noted that 
without the inclusion of these return flows, the impact to future firm yield for the supplies listed in 
Table ES-4 would be significantly more pronounced.  Table ES-5 provides the projected firm yield of 
the water supplies for the E model without the inclusion of return flows. 

 

Table ES-5.  Minimum Annual Diversions With and Without Upper Basin Return Flow 

E Model E Model without RF
Basin Description Permit MAD 

(ac-ft) 
Min. 
Date 

MAD 
(ac-ft) 

Min. 
Date 

Trinity COH Livingston 940,800 940,800 NA 536,303 1956 

Trinity *SJRA/Devers ROR 58,500 58,285 1950 33,718 1956 

Trinity *COH/Dayton 38,000 34,084 1956 15,846 1956 

Trinity CLCND - Lake Anahuac 39,613 9,317 1956 9,317 1956 

Trinity *CLCND Fixed Right - CWA 73,334 73,334 NA 43,207 1956 

Trinity *SJRA - CLCND Fixed Right - CWA 30,000 30,000 NA 17,322 1963 

Trinity Livingston - TRA 403,200 403,200 NA 264,408 1956 
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ES.4.2 Reservoir Levels 

Impacts to reservoir volumes in the revised E model for Max H and Min Q-Sal targets are shown in 
Figures ES-7 and ES-8.  For Lake Houston, managing releases to meet the Max H and Min Q-Sal 
frequency goals resulted in extended periods of reduced reservoir volume.  Lake Houston does not 
completely refill after 1942 for Max H and 1951 for Min Q-Sal.  While Lake Houston averages 
98 percent of full for the unaltered E model during the period of record, the revised Max H and 
Min Q-Sal models average 90 and 87 percent, respectively.  The effects of revised reservoir 
operations are greater for Lake Livingston, which averaged 95 percent of full volume for the E model, 
81 percent for Max H revisions, and 78 percent for Min Q-Sal revisions.  As with Lake Houston, Lake 
Livingston did not refill after 1943 for Max H and 1951 for Min Q-Sal.  

Figure ES-7.  Lake Houston Storage Volume for Revised Reservoir Operation 
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Figure ES-8.  Lake Livingston Storage Volume for Revised Reservoir Operation 
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ES.5  Instream Flows 

ES.5.1 Identification of Critical Segments 

A list of 26 segments with the potential to be impacted by Region H WMS was developed from a 
compilation of segments studied in the TWDB Streamflow Assessment conducted for the 2007 SWP.  
Regulated flows at the segments were determined for the base (D0) models as well as for all WMS 
models, including the composite E model.  Based on monthly results for the model simulation period, 
10th percentile flows were calculated to investigate low flow conditions.  For each WMS, 10th 
percentile flows at each of the 26 segments were compared to the D0 models.  For each WMS, the 
stream segment with the greatest (absolute) percentage difference from the base model was 
considered to be the most critical segment for that strategy.  For the 13 strategy models, six 
segments were identified in the Brazos and San Jacinto Basins as being particularly influenced by 
Region H WMS.  Lyons flows, generally considered to represent a general low-flow condition 
adequate to maintain sound ecologic function, were calculated for the segments for comparison 
purposes.  A summary of highly impacted segments is presented in Table ES-6.   



 Region H Water Planning Group 
July 2009 Environmental Flows Study 

 ES-13 

Table ES-6.  Impacts of WMS Implementation on Critical Stream Segments 

10th Percentile Flows 
WRAP 

Identifier Basin Strategy D0 
(ac-ft) 

Strategy
(ac-ft) 

Change 
(%)  

Lyons 
Flow 
(ac-ft) 

Freeport Desalination 40,776 -0.8 
BRA System Ops 39,246 -4.5 532801 Brazos 

Allens Creek 
41,101 

40,027 -2.6 
68,751 

Little River 55,028 -1.6 
BRRI70 Brazos 

Houston to GCWA 
55,925 

55,324 -1.1 
78,697 

TRA to Houston 4,223 189.1 
TRA to SJRA 2,736 87.3 SPSP San 

Jacinto 
All Strategies 

1,461 
5,522 278.0 

1,607 

1004 San 
Jacinto Expanded GW 2,082 2,937 41.1 2,444 

Indust. WW Reuse 56,482 -5.6 
Houston Indir. Reuse 56,863 -5.0 A5191P San 

Jacinto 
NHCRWA Indir. Reuse 

59,845 
59,039 -1.3 

39,041 

SRGB San 
Jacinto Lake Houston Yield 65,550 66,973 2.2 43,805 

 
With the exception of the Freeport Desalination and the Houston to GCWA transfer strategies, WMS 
from increased inputs such as increased groundwater, IBTs, or additional permitted reservoir yield 
resulted in positive impacts to 10th percentile flows.  These positive impacts tended to occur year 
round, but were greatest during the summer months with some indicating large increases in flow 
through early fall.  The remaining strategies, which resulted in an overall negative impact (i.e., 
reduced flows) at the critical segments, fell into two distinct groups.  The three wastewater reuse 
strategies (Houston, NHCRWA, and industrial), along with the Freeport Desalination strategy, caused 
fairly uniform reductions to 10th percentile flows throughout the year, with little or no seasonable 
variability.  The remaining reduction-causing WMS were the three reservoir strategies (BRA System 
Operations, Allens Creek, and Little River) and the Houston to GCWA transfer.  Unlike the reuse 
WMS, flow reductions were not uniformly distributed and tended to intensify during the spring and 
summer seasons. 

The greatest positive impact for any critical segment was a result of the TRA to Houston Transfer, 
which created an overall increase in 10th percentile flow of 189 percent.  The greatest reduction was 
 -5.6 percent for industrial wastewater reuse.  For the model representing full implementation of all 
strategies (E), the change at the critical segment was a positive increase of 278 percent.  

As shown in Table ES-6, strategy flows in the San Jacinto Basin exceeded Lyons flow levels, while 
the Brazos Basin strategy flows were well below calculated Lyons flows; one should note that for the 
critical segments in the Brazos Basin, 10th percentile flows for D0 were already lower than Lyons 
flows.  The observation that a number of strategy flows in the San Jacinto Basin exceeded the Lyons 
flows, even when strategy impacts reduced flow, suggest that categorization of a segment as critical 
is not a clear indication of its ecological condition. 

ES.5.2 Lyons Flows and Field Evaluations 

The identification of critical segments described above was paired with a field study to enhance 
understanding and applicability of flow conditions at the identified segments.  While points were 
labeled as critical, identification as being most impacted does not in of itself reveal whether low-flow 
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or reduced-flow conditions represent an ecologically degraded state.  For this reason, the second 
stage of the instream flow study involved calculating Lyons flows for relevant segments combined 
with field evaluation of instream flow conditions.  Results were then used to examine possible 
environmental repercussions of WMS.  Lyons flows were calculated based on regulated flow rates for 
the Current Conditions (Run 8) model; values were calculated as 60 percent of median flows for 
March through September and 40 percent of median flows for October through February.   

Field examination of stream segments provided a visual assessment of ecological conditions of the 
segments.  This was combined with quantitative measurement of stage and flow from the United 
States Geological Survey (USGS) gauges, which enabled qualitative analysis of stream condition to 
be related to calculated Lyons flows.  Seven stream segments were identified in the Brazos, San 
Jacinto, San Jacinto-Trinity, and Trinity Basins from the TWDB Streamflow Assessment for inclusion 
in the field study.  Selected segments were chosen based on accessibility, availability of streamflow 
measurement (proximity to reliable USGS gauges), and reliable flow output from WRAP.  Sites were 
examined during a low-flow period in late July 2008 so that recorded flows would be representative of 
low flow conditions.  Segments were primarily evaluated for Channel Flow Status (CFS) based on 
TCEQ Surface Water Quality Monitoring (SWQM) procedures (TCEQ 2003).  Flow status was defined 
as high if less than five percent of channel substrate was exposed; moderate if five to 25 percent was 
exposed; and low if greater than 25 percent was exposed.  Observations were also made of any 
potential wetlands or riparian corridor in observable range of the survey point.  A summary of Lyons 
and observed flows is presented in Table ES-7 below.  None of the segments examined showed 
signs of ecological degradation caused by low flows.  While some of the locations observed had only 
experienced low flows for a short duration, some of the sites had been below the Lyons flow for 
approximately two months.  This suggests that there may be limitations on gauging stream health 
sing Lyons flows for this region.   

Table ES-7.  Lyons and Observed Flows for Field Study Points 

WRAP 
ID Location 

Lyons 
Flow 
(cfs) 

1Obs. 
Flow 
(cfs) 

2Low 
Flow 
Days 

3CFS
Potential 
Wetland 

(Y/N) 

Potential 
Riparian 

Corridor?
(Y/N) 

8TRRO Trinity River near Romayor 1,098 1,000 58 M N Y 

802 Trinity River at Liberty 1,217 <1,217 NA M N Y 

9CBCR Cedar Bayou near Crosby 4 0.6 6 L N N 

A3979A Luce Bayou near Huffman 12 0.2 64 L Y Y 

1004 W Fork San Jacinto near Porter 40 23 20 M Y Y 

1009 Cypress Creek near Westfield 40 30 1 H N N 

532801 Brazos River near Rosharon 1,118 208 15 L N N 
1For segment 802, a flow gauge reading was not available during the observation period.  However, flow was estimated to be 
below the Lyons flow as the recorded stage during the observation period was below the stage associated with the Lyons flow.   
3Number of days prior to observation with average daily flow below Lyons Flow 

3L = Low, M = Moderate, H = High 
 

ES.6 Considerations 

There are a number of concerns related to the presented evaluation of alternatives for meeting FTA.  
The approach used to meet FTA is a “hard-wired” approach that couldn’t be realistically replicated as 
a reservoir operating rule.   
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Another predictive issue is related to reservoir operation and the maintenance of firm water supplies 
for both anticipated and unexpected conditions.  If drought exceeds the known drought of record, 
simulated in this study, reservoir storage may be critical for maintaining firm yield.  Although drops in 
reservoir level in this exercise never impacted yield, the maintenance of a reduced reservoir level 
reduces a water supply’s protection against unforeseen drought conditions.  Furthermore, it is 
noteworthy to observe that the reservoir levels at the end of the revised reservoir operation 
simulations never reach a full level.  Even if one assumes that the period of record is representative 
of future conditions to come, successive cycles of the period of record would result in continually 
dwindling reservoir levels and, ultimately result in a loss of firm yield.  Another concern with the 
approach taken is the validity of assuming that annual GBFIG targets are applicable on a seasonal or 
monthly basis.  Whether FTA is more critical for some seasons or months than others has not yet 
been established.  The application of the annual GBFIG FTA to monthly targets was made due to a 
lack of a more reasonable alternative and should be studied further.   

Finally, while the purpose of this study is not to evaluate B&E needs or develop new flow targets or 
FTA, the underlying assumption that B&E flow needs are met if the desired FTA is achieved must be 
considered critically.  One potential concern is that this approach does not consider a bracket of 
flows, but only if the flow equals or exceeds the desired B&E flow.  This does not account for the 
possibility that, in some circumstances, excessive flows may also result in less than optimum 
conditions.  It is important to remember that the State’s Max H, Min Q, and Min Q-Sal flow regimes 
are not made up of individual flow targets but rather represent optimal harvest when all 12 months in 
a year are at or near the monthly target.  Monthly flow patterns for the Max H and Min Q-Sal models 
are given in Figures ES-9 and ES-10.  As seen in the figures, the revised model median for Max H 
and 25th percentile for Min Q-Sal (corresponding to 50 and 75 percent FTA) are at or above the 
target values for all months of the year.  While this means that the FTA requirement has been met 
using the definitions and assumptions for this study, the difference in distribution between the targets 
and revised models indicate flow conditions that do not meet optimum goals as provided by TWDB 
targets.  Additionally, it is important to recognize that these are percentile distributions; even if the 
median or 25th percentile curve perfectly matched the targets, this does not guarantee that every 
month of a particular year was at or near target as required to meet TWDB’s definition of optimal 
performance. 
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Figure ES-9.  Distribution of Monthly B&E Inflows for Max H Revised Operation Model 
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Figure ES-10.  Distribution of Monthly B&E Inflows for Min Q-Sal Revised Operation Model 
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ES.7 Conclusions 

This study was intended to evaluate the impacts of individual management strategies on 
environmental flows including both B&E inflows and instream flows in channels.  Furthermore, an 
evaluation of impacts to existing and future water supplies was performed for two scenarios aimed at 
increasing the frequency of attaining B&E inflow targets.  The following observations were made 
through the course of the study: 

B&E Inflow Volume, Location, and Target Attainment 
• In general, the inclusion of strategies upstream of and within Region H generally leads to a 

net increase in B&E inflows due to the import of new water to the basin. 
• Impacts of individual Region H WMS are relatively minor with the exception of the TRA to 

Houston transfer, which resulted in an increase in FTA of up to 10 percent for one month. 
• Shortages in meeting Max H and Min Q-Sal targets occur generally in the spring.  Shortages 

for Min Q generally occur during the summer months. 
• B&E flows generally transition from originating in the Trinity River Basin to the San Jacinto 

River Basin as time passes and additional water is diverted to meet demands in the latter 
basin. 

• Removal of return flows from Region C were found to result in a 20 percent reduction in B&E 
discharges from the Trinity River which represents a substantial impact to the total volume of 
B&E flows.  Reductions in firm yield for six of seven key water rights were also caused by this 
elimination of upstream return flows. 

 
Revised Models for Increasing FTA 

• A methodology using the release of stored water was identified as the most effective means 
of increasing FTA while minimizing impacts to firm yield.  Two separate models were 
developed to increase the occurrence of meeting monthly Max H and Min Q-Sal targets at the 
desired level. 

• Although no reductions in firm yield were identified during the period of record, reductions in 
reservoir storage point to a reduced level of reliability in reservoir supply during unforeseen 
drought conditions and successive occurrences of the observed period of record. 

• The developed methodology approaches recommended targets as “minimum criteria” to be 
met, rather than a pattern of flows for an optimal level of estuary production.  Additional steps 
would be required to address target attainment from this perspective. 

 
Instream Flows 

• The predominant changes to instream flows are increases in flow due to new water sources 
such as IBTs and groundwater. 

• Reservoir and operations projects in the Brazos River Basin resulted in reductions in stream 
flow. 

• Field observations were made at a time when stream levels were at a rate near that of the 
calculated Lyons flows for each segment.  Despite this flow condition, there were no 
indications of impaired stream health at the observed locations.
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Section 1 – Introduction 

1.1 The Role of WRAP in Modeling Environmental Impacts 

The Water Rights Analysis Package (WRAP [Wurbs 2007]) was developed as a tool for modeling 
water rights allocations and river and reservoir operations on a monthly time-step.  In addition to this 
basic objective, the nature of the application allows for the modeling of various environmental 
conditions, especially the determination of instream flows and bay and estuary (B&E) flows as a result 
of operations within the basin.  This process is made simpler by the constant maintenance of Water 
Availability Models (WAMs) for each basin in the State of Texas by the Texas Commission on 
Environmental Quality (TCEQ).  These WAMs can then be modified as necessary and executed by 
WRAP to determine impacts from various changes.  Currently, TCEQ maintains two versions of the 
WAMs for permitting purposes: 1) a full-diversion model with no return flows, known as the WAM Run 
3, and 2) a current conditions model based on historical water use, known as the WAM Run 8.  The 
period of record for both models contains the critical drought period for each basin. 

A recent study by the Texas Water Development Board (TWDB) in the production of the 2007 State 
Water Plan (SWP) Appendix 6.2 – Streamflow Assessments (TWDB 2007) examined environmental 
flows as a result of water management strategies (WMS) recommended in the 16 individual Regional 
Water Plans (RWPs).  The TWDB used the TCEQ Run 8 as a basis for evaluating future strategies.  
Diversions in each basin were increased according to the volume of use anticipated in the RWPs 
while code was also added to account for new strategies that were not yet permitted in the current 
WAMs.  Median and 10th percentile instream flows were then compared between the unmodified 
Run 8 models and the future conditions models.  

In Region H, the WAM has been used to characterize inflows to Galveston Bay for various conditions.  
In the 2006 Region H RWP Chapter 4, Section 5 (Region H Water Planning Group 2005),  the 
consultant team modeled five flow conditions in the Neches-Trinity, Trinity, Trinity-San Jacinto, San 
Jacinto, and San Jacinto-Brazos Basins: 

• Naturalized Flow 

• Current Conditions (TCEQ Run 8) 

• Full Permit With Return Flows 

• Full Permit Without Return Flows (TCEQ Run 3) 

• Full Permit With Return Flows and Strategies for Regions C and H 

Changes in annual inflow were determined and a comparison was made between various percentiles 
of modeled inflows and the freshwater inflow targets for Galveston Bay as described by Max H, 
Min Q, and Min Q-Sal.  The results of this study indicated that: 

• The TCEQ WAM runs reveal a decrease in the freshwater inflows to Galveston Bay as existing 
water rights are used to their Full Authorized Diversion amounts. 

• The Full Authorized Diversion scenario with no return flows results in a significant reduction in 
inflows to Galveston Bay, such that inflows are consistently lower than freshwater inflow targets. 

• Sedimentation in reservoirs in the Trinity and San Jacinto Basins has a minimal impact on 
freshwater inflows. 
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• The Current Conditions, Full Authorized Diversions With Return Flows and Full Authorized 
Diversions plus Management Strategies represent models of increasing demand and return flows 
in Region H.  These models show the portion of inflows to Galveston Bay from the San Jacinto 
Basin will increase while the portion from the Trinity Basin will decrease. 

• Region C Management Strategies produce a net increase in flows to Galveston Bay as a result of 
large amounts of imported water producing return flows in the upper Trinity Basin. 

• The incorporation of Management Strategies results in inflow patterns most similar to the Current 
Conditions. 

• When aggregating the monthly statistics, freshwater inflow targets are met at levels approaching 
or exceeding the Galveston Bay Freshwater Inflows Group (GBFIG) frequency goals for all but 
the no return flow scenario. 

• The individual monthly statistics for freshwater inflows reveal selected months which are not met 
at the target frequency, while in other months the target frequency is exceeded. 

The 2006 study indicated several trends in B&E inflows.  However, no effort was made at this point to 
determine the impact of individual strategies.  As this study was completed during the course of the 
Regional Water Planning process, final strategies for upstream reaches of the Trinity Basin were not 
available for incorporation into the model as they were for the TWDB environmental flows study.  
Furthermore, this limited analysis did not approach the question of how to address potential impacts 
from future WMS. 

1.2 Purpose of Current Study 

This study is intended to serve as a continuation of the 2006 Region H study by investigating the 
impacts of individual WMS on B&E inflows and to evaluate the feasibility of meeting existing B&E 
targets through operational strategies in the contributing basins.  This methodology includes the 
development of various future conditions models to represent each management strategy and provide 
comparison to determine the magnitude of strategy impacts.  Models will also be created to meet 
existing B&E targets using operational techniques while utilizing current and future WMS. 

Additionally, this study is intended to determine impacts to instream flows in each basin.  This 
analysis has not been performed as part of the Region H planning process up to this point.  This 
includes a review of instream flows at certain critical points as well as field observations to provide 
data on habitat quality along with observed flow regimes. 

1.3 Water Management Strategies in 2006 Region H Regional 
Water Plan 

The 2006 Region H RWP examined 32 WMS.  Strategies were evaluated based on a number of 
parameters, including yield, cost, location, water quality, various environmental impacts, and several 
other factors.  Of these, 23 were recommended by the RWP as recommended WMS.  This study 
selected 17 of the recommended WMS as potential candidates for modeling.  The WMS selected for 
study are summarized below.  For additional details, see Chapter 4 of the 2006 Region H RWP.  
Estimated Year 2060 yields for the strategies are shown in Table 1-1.  



 Region H Water Planning Group 
July 2009 Environmental Flows Study 

1-3 

Table 1-1.  WMS Supply Volume for Selected Strategies 

No. Strategy Volume1 
(ac-ft) 

1 Municipal Conservation 101,000 

2 Irrigation Conservation 77,900 

3 Freeport Desalination 28,000 
4 Expanded Groundwater 91,000 
5 Expand/Increase Contracts 68,300 
6 New Contracts 293,400 
7 BRA System Operations 163,700 
8 Allens Creek Reservoir 97,400 
9 Little River Off-Channel Reservoir 32,100 

10 Non-Municipal Contractual Transfers 21,000 
11 Wastewater Reuse for Industry 67,200 
12 Trinity River Authority (TRA) to Houston Contract 150,000 
13 TRA to San Jacinto River Authority (SJRA) Contract 50,000 
14 Houston to GCWA Contract 56,000 
15 Houston Indirect Reuse 52,500 
16 North Harris County Regional Water Authority (NHCRWA) Indirect Reuse 31,400 
17 Lake Houston Additional Yield 21,000 

1. Rounded to nearest 100 ac-ft. 
2. Modeled at full unallocated volume of 32,500 ac-ft. 
 

1. Municipal Conservation:  This WMS relies on demand reduction to allow existing supplies to 
meet demands for longer periods of time.  This can also potentially delay the need to develop 
new municipal supplies.  Potential conservation methods include water system audits, 
conservation pricing, plumbing fixture retrofits, landscape irrigation conservation, and 
incentives for purchasing water-efficient appliances, as well as a number of other methods.   

2. Irrigation Conservation:  The Irrigation Conservation strategy is similar in intent to the 
municipal conservation WMS.  Potential conservation methods include irrigation scheduling, 
leveling and contour farming, ditch lining, and drip line installation, as well as other methods.   

3. Freeport Desalination:  The Freeport Desalination WMS involves the construction of a 
10 MGD desalination facility in Freeport, Texas on the site of the Dow chemical plant.  The 
proposed strategy includes the ability to upgrade to 100 MGD by 2060.  Water desalinated by 
the plant would be piped upstream for municipal use in demand centers in Fort Bend and 
Brazoria Counties.   

4. Expanded Use of Groundwater:  This WMS relies on sustainable expansion of existing 
groundwater supplies, with limits on increases to correspond with groundwater reduction 
plans and conservation district rules.  Increases are within the limits of sustainable yield and 
subject to groundwater conservation district and subsidence district rules. 

5. Expand/Increase Current Contracts:  This WMS includes allocation of currently permitted 
water supplies for use by current contract participants.  This includes the extension of current 
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contracts with terms ending before the year 2060, as well as the increase of current contracts 
to meet future demands.   

6. New Contracts from Existing Supply:  New contracts would be created from existing supply 
sources. 

7. BRA System Operations Permit:  The Brazos River Authority (BRA) System Operations 
WMS aims to increase the yield of BRA reservoirs by coordinating operation of reservoirs as 
a system and the permitting of a portion of the return flows in the Brazos River basin.  This 
would allow for additional yield without the need for construction of new infrastructure. 

8. Allens Creek Reservoir:  The Allens Creek Reservoir WMS is a proposed off-channel 
reservoir in Austin County.  The reservoir would hold peak flows diverted from the Brazos 
River, with diversions to the reservoir indexed to streamflow.  Water from the reservoir would 
be used to supply municipal, industrial, and irrigation needs in several counties.   

9. Little-River Off-Channel Reservoir:  This WMS would be an off-channel reservoir in Milam 
County intended to divert and store excess flows for producing firm capacity.  The WMS was 
originally assessed by the Brazos G region but has been investigated by Region H.  

10. Non-Municipal Contractual Transfers:  The Non-Municipal Contractual Transfer WMS 
involves transferring surplus water supply to neighboring counties and basins with projected 
shortages.  These transfers would make use of existing conveyances where possible.   

11. Wastewater Reuse for Industry:  Water for this WMS would come from treated effluent from 
three City of Houston (COH) Waste Water Treatment Plants (WWTPs).  After treatment, 
water would be piped to industrial users along the south side of the Houston Ship Channel 
corridor.   

12. TRA to Houston Contract:  This is a surface water agreement between the COH and TRA to 
allow COH to acquire a portion of uncommitted TRA water supplies from the Lake Livingston-
Wallisville Saltwater Barrier system.   

13. TRA to SJRA Contract:  This strategy proposes the transfer of some SJRA supply in the 
Trinity River and some TRA supply in Lake Livingston to Montgomery County via Lake 
Houston.  Water may be transferred through the proposed Luce Bayou conveyance.  

14. Houston to Gulf Coast Water Authority (GCWA) Transfer:  The Houston to GCWA WMS 
involves the transfer of water from the Coastal Water Authority (CWA) system to GCWA’s 
Texas City Reservoir by way of the CWA Bayport facility.  Shortages would be met in 
Galveston County and possibly Fort Bend County. 

15. Houston Indirect Wastewater Reuse:  Water for this WMS would be reclaimed from effluent 
from 35 City of Houston WWTPs in seven small basins.  Water would receive additional 
treatment and be transferred by bed and banks permits to diversion locations for municipal 
and industrial users.  

16. NHCRWA Indirect Wastewater Reuse:  The NHCRWA Indirect Reuse strategy includes 
reclamation of water from up to 163 WWTPs in the NHCRWA service area discharging to 
tributaries of the San Jacinto River and Lake Houston.  Water would be transferred via bed 
and banks permits to diversion locations to serve industrial reuse and municipal and 
commercial irrigation reuse.    

17. Lake Houston Additional Yield:  Based on WRAP modeling for the last RWP, additional 
unnappropriated volume was identified in Lake Houston.  This strategy reflects the permitting 
of this storage. 
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Section 2 – Development of Water 
Availability Models for 
Evaluating Management 
Strategies 

Several model conditions were devised and executed for the Neches-Trinity, Trinity, Trinity-San 
Jacinto, San Jacinto, and San Jacinto-Brazos Basins to determine the impacts of WMS on inflows to 
Galveston Bay.  Each model represented a particular condition that could be compared to other 
simulations to determine incremental impacts from individual strategies.  The resulting B&E inflows 
were compared on a basis of frequency to identify any impacts from future strategies that would 
further hinder the rate of compliance with meeting inflow targets beyond current conditions. 

A process was then developed for adjusting reservoir operations to increase B&E inflows during 
months when future strategies caused a net decrease in frequency for meeting inflow targets.  
Reservoir spills from Lake Houston in the San Jacinto River Basin and Lake Livingston in the Trinity 
River Basin were recommended in order to create a condition of zero net impact on inflows to 
Galveston Bay.  A review of water right reliability following this exercise indicated no impact to the 
reliability of rights resulting from this change to reservoir operations.   

A series of four models were originally developed as baseline conditions ranging from Naturalized 
Flows to a Future 2060 Condition with Existing Permits and Full Return Flows model.  This future 
conditions model, which included upstream strategies in the upper basins, was then modified with the 
proposed Region H strategies described above.  Once the individual strategies had been modeled, a 
comprehensive model including all of the Region H strategies was developed to represent an 
expected Future 2060 Condition.  Finally, an additional model run of the TCEQ Run 3 (Full Diversion 
Without Return Flows) was requested by the Region H Planning Group for purposes of comparison 
with the other models. 

2.1 Scenario A:  Naturalized Flow 

Naturalized flows for all study basins were determined using the TCEQ current conditions (Run 8) 
WRAP models without modifications.  The most recent versions available from the TCEQ website 
were used for all basins except the Trinity, for which an unreleased updated version was provided by 
TCEQ.  Naturalized flows were retrieved from the model output file using a 2NAT record in the 
TABLES program. 

2.2 Scenario B:  Existing Diversions With Full Return Flows 

Existing diversions with return flows were analyzed using the same models as those from Scenario A.  
Regulated flows for this and all subsequent scenarios were retrieved from model output using a 
2REG record in the TABLES program. 
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2.3 Scenario C:  Full Authorized Diversions With Full Return 
Flows 

This scenario was based on TCEQ Full Authorized Diversion (Run 3) models.  As with Scenarios A 
and B, the most recent versions available from the TCEQ website were used for all basins except the 
Trinity, for which an unreleased updated version was provided by TCEQ.  Because the Run 3 model 
includes almost no return flows, Constant Inflow (CI) and Return Flow (RF) cards for each basin were 
imported from the Run 8 model if present in the Run 8.  CI cards imported from Run 8 reflect flows 
from a current conditions diversion level.  However, since the majority of CI cards represent 
groundwater inputs to the system, no adjustment was required.  The exception was the San Jacinto 
Basin, which includes considerable surface water inflows.  For the San Jacinto model, CI cards were 
scaled up to represent Full Authorized Diversion conditions.   

In order to create a Full Authorized Diversions With Return Flows model, a program was developed to 
extract Run 8 return flows and insert them into the Run 3 model.  The program scanned the Run 8 
and Run 3 models and, for each model, developed a table of several parameters included on the WR 
cards.  These included the control point, use, priority number, return flow parameters (Run 8 only), 
and water right identifier.  The two tables were then compared and, for diversions with matching 
parameters, the Run 8 return flow data was copied into the corresponding Run 3 diversion.  Non-
matching records, or records for which no change was necessary, were not altered.   

2.4 Scenario D:  Future 2060 Conditions With Existing Permits 
and Full Return Flows 

The Strategy C models discussed in the preceding section were used to develop the series of models 
corresponding to the various strategies, referred to as the D0 models.  Year 2060 SV/SA records (if 
available) giving surface area and volume relationships for reservoirs replaced the existing Year 2000 
SV/SA records to account for the loss of reservoir storage volume from the effects of sedimentation 
over time.  For the Neches Trinity, Trinity-San Jacinto, and San Jacinto models, no other changes 
required consideration.  Two of the basins, the Trinity and the Brazos/San Jacinto-Brazos, required 
modification due to the presence of WMS in portions of the basins located in areas outside of 
Region H.   

For the Trinity model, upstream strategies from Region C were included.  Sections of code related to 
these strategies were copied from a file representing Region C’s WMS for the TWDB Streamflow 
Assessment Study found in the 2007 SWP.  This file was provided by TWDB.  In addition to altering 
the Strategy D DAT file, changes were also made to the DIS file due to the addition of several control 
points.  For the Brazos/San Jacinto-Brazos model, changes were made based on Region G’s 2001 
WMS (Brazos G Regional Water Planning Group 2001) as modeled in the same TWDB study.  As 
with the Trinity model, changes for Strategy D were made to both the DAT and DIS files.  The 
resultant models, identified as D0 models, represent Year 2060 conditions with Full Authorized 
Diversions and expected return flows, upstream WMS, and no term water rights.  However, the 
D0 model contained no Region H strategies. 

The D0 models were used as base models for the individual WMS scenarios described in detail 
below.  Changes made for each scenario were specific to the nature of the WMS.  Because the 
regional water planning database (DB07) gives volumes associated with specific WMS for each WUG 
impacted, it was necessary to associate relevant WUGs with model control points for a number of the 
strategies examined.  As control points in the model are generally not explicitly identified with a WUG, 
the process of associating WUGs and control points was performed manually.  Stream segments and 
control points for each basin, along with WUG boundaries and WWTP locations, were examined in a 
GIS environment.  The process was fairly straightforward for the majority of WUGs representing 
communities and cities.  Generally, the community’s WWTP outfall was located near a return flow 
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control point within or downstream of the WUG boundary, leading to selection of that control point.  
For distributed WUGs, such as County-Other, the process of matching WUGs and control points was 
more complex.  Control points were associated with these distributed WUGs in what was determined 
to be the most reasonable location for the county and basin.  If possible, the control points selected 
were located at an outfall near the major demand centers in the area.  If no significant demand 
centers were identified nearby, the point at the downstream corner of the county-basin was selected.   

2.4.1 D1:  Municipal Conservation 

Because the D0 model includes Full Authorized Diversion, this conservation strategy was not 
modeled, as it does not alter diversion amounts under the Full Authorized Diversion condition.  Any 
water conserved under one use would still be used in another capacity by another WUG. 

2.4.2 D2:  Irrigation Conservation 

Similar to the D1 strategy, use of a Full Authorized Diversion base model precluded modeling of the 
irrigation conservation scenario. 

2.4.3 D3:  Freeport Seawater Desalination   

This strategy model was developed from the Brazos/San Jacinto-Brazos D0 model.  The effects of 
added desalination supply were approximated by new return flows at points of use associated with 
the strategy.  The added return flows were modeled with three CI cards at two locations representing 
the WUGs for Brazos Manufacturing, Brazos County-Other, and San Jacinto-Brazos County-Other.  
Because detailed information on monthly supply volumes was not available for the strategy, the 
monthly distributions of WMS volume for the WUGs were based on existing information in the model.  
The UC cards, which give monthly percentages of annual water right diversions, were grouped 
together by water use and averaged to yield a monthly pattern for each use type in the basin.  The 
annual WMS volumes associated with the three strategy WUGs were multiplied by these usage 
pattern to create monthly strategy volumes.  These monthly strategy volumes were further scaled by 
a return flow percentage to convert them to return flow volumes.  Assumed return flow factors were 
60 percent return flow for municipal use, 40 percent for mining, industrial, and livestock uses, and 
0 percent for irrigation.  These factors were selected based on prior experience as well as information 
from existing WAM models.  Irrigation return flows were set to 0 percent to maintain consistency with 
existing Current Conditions return flow factors.  Monthly strategy return flows were then converted to 
CI card format and added to the model.  

2.4.4 D4:  Expanded Use of Groundwater 

The WMS associated with expanded use of groundwater supplies was modeled in all of the study 
basins.  Because additional groundwater will be utilized near the point of production before entering 
the stream network, effects of expanded groundwater use were approximated as new return flows.  
Return flows were modeled with 214 CI cards, one for each point-of-use WUG.  As with Scenario D3, 
annual WMS volumes were converted into monthly return flows.  A similar procedure to that used in 
the Brazos/San Jacinto-Brazos Basin was used to develop monthly average usage coefficients for 
each use basin and use type.  Assumed return flow factors were 60 percent return flow for municipal 
use, 40 percent for mining, industrial, and livestock uses, and 0 percent for irrigation.   

2.4.5 D5:  Expand/Increase Current Contracts   

This strategy was not modeled as the WRAP program allocates water for water right diversions, not 
contracts.  Additionally, since the base model includes Full Authorized Diversions, water that would 
be transferred has already been accounted for under an existing diversion.  
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2.4.6 D6:  New Contracts From Existing Supply 

This strategy was not modeled for similar reasons as Scenario D5. 

2.4.7 D7:  BRA System Operations Permit   

The Brazos System Operations permit was incorporated into the Brazos/San Jacinto-Brazos D0 
model from the TWDB Region G WMS model, with the portion of the permit dealing with Region H 
reservoirs removed.  To simulate the full system operations permit, sections of the code that had 
been commented out for Region H were reactivated.  This reactivated a diversion for the Region H 
WMS.  The diversion amount was updated to reflect the volume given in the most recent Regional 
Water Planning Group (RWPG) database.  Twenty-eight CI cards were added to reflect return flows 
at the WUG level from this diversion.  These cards were generated by multiplying the WMS volume 
for each WUG by a monthly distribution (same pattern as the UC card for the diversion) and a return 
flow factor.  CI cards were also added to the San Jacinto and Trinity models to represent an 
interbasin transfer (IBT) from the Brazos Basin.  The CI cards for the IBTs were determined in a 
similar manner to the return flows. 

2.4.8 D8:  Allens Creek Reservoir   

The Allens Creek Reservoir code was already included in the Brazos/San Jacinto-Brazos D0 model 
but commented out.  In order to simulate Allens Creek Reservoir, these sections of the model were 
reinstated.  This reactivated instream flow requirements and the WMS diversion for Allens Creek.  
The diversion amount was altered to reflect the latest value from the RWPG database.  The SV/SA 
card for Allens Creek Reservoir was also uncommented.  CI cards were used to represent return 
flows at the WUG level as well as the IBT of water to the San Jacinto-Brazos Basin.  These were 
calculated in a manner similar to Scenario D7.  Brazos System Operations associated with Allens 
Creek Reservoir were not reactivated.  The IBT from the Brazos Basin to the San Jacinto Basin was 
also modeled in the San Jacinto model with CI cards at the WUG level. 

2.4.9 D9:  Little River Off-Channel Reservoir  

The Little River Off-Channel Reservoir (LROCR) was included in the TWDB upstream strategy 
Brazos/San Jacinto-Brazos model and was incorporated in the D0 model in a commented-out form.  
The sections of code associated with LROCR were uncommented to simulate this strategy and the 
associated diversion.  CI cards were added to reflect WUG level return flows from the diversion as 
well as the IBT to the San Jacinto-Brazos Basin.  This strategy also required a section of the DIS file 
for the Brazos/San Jacinto-Brazos model to be uncommented. 

2.4.10 D10:  Non-Municipal Contractual Transfers 

This strategy was not modeled for similar reasons as Scenarios D5 and D6. 

2.4.11 D11:  Wastewater Reuse for Industry 

Wastewater reuse for industry was modeled through the alteration and addition of CI cards in the San 
Jacinto Basin.  Two CI cards representing the three source WWTPs were reduced by the WMS 
amount.  The specific reduction for each plant was assumed proportional to total plant output.  Return 
flows from the strategy were assumed to occur along the Houston Ship Channel.  Existing CI cards 
for industrial return flows in the target area were identified and converted to monthly percentages.  
The WMS volume was assumed to be distributed evenly among these 26 locations; the volume was 
scaled using a return flow factor of 0.4 for industrial use and was converted into 26 new CI cards with 
monthly distributions matching those of the existing cards.  These new CI cards, representing return 
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flows from industrial users, were added to the model after existing CI cards.  Because WRAP 
automatically sums monthly values for multiple CI cards at the same control point, the pre-existing CI 
cards for flows along the Ship Channel were not removed or replaced.   

2.4.12 D12:  TRA to Houston Contract 

The Trinity Basin is the source of WMS water for this scenario.  However, since the Trinity model 
already reflects the WMS water leaving the basin, no additional changes were necessary in the 
source basin.  For the receiving basins, changes were made to the San Jacinto and Brazos/San 
Jacinto-Brazos models.  A total of 75 CI cards were added in the San Jacinto and Brazos/San 
Jacinto-Brazos models to reflect return flows from points of use.  The monthly patterns of the CI cards 
were based on the average CI card pattern (percentage of total annual flow for each month) for the 
corresponding basin and usage type.  CI cards assume 60 percent return flow for municipal use, 
40 percent for mining, industrial, and livestock uses, and 0 percent for irrigation. 

2.4.13 D13:  TRA to SJRA Contract   

No change was made to the Trinity model under this strategy as the Trinity model already reflects the 
WMS water leaving the basin.  CI cards were added for the southern part of Montgomery County near 
Conroe, Texas to reflect return flows from points of use.  The monthly patterns of the CI cards were 
based on the average CI card pattern (percentage of total annual flow for each month) for the 
corresponding basin and usage type.  CI cards assume 60 percent return flow for municipal use, 
40 percent for mining, industrial, and livestock uses, and 0 percent for irrigation. 

2.4.14 D14:  Houston to GCWA Transfer   

No change was made to the Trinity model under this strategy as the Trinity model already reflects the 
WMS water leaving the basin.  Five total CI cards were added in the Brazos, San Jacinto-Brazos, and 
San Jacinto Basins to reflect return flows from this WMS.  The monthly patterns of the CI cards were 
based on the average CI card pattern (percentage of total annual flow for each month) for the 
corresponding basin and usage type.  CI cards assume 60 percent return flow for municipal use, 
40 percent for mining, industrial, and livestock uses, and 0 percent for irrigation. 

2.4.15 D15:  Houston Indirect Wastewater Reuse 

As noted previously, this scenario involves reclaiming effluent from WWTPs in seven sub-basins in 
the San Jacinto model for municipal and industrial uses.  Locations of specific CI cards for the 
WWTPs used by the WMS were determined from the Water Availability Modeling for the San Jacinto 
Basin report (Espey, Padden 2000).  The CI cards were sorted by sub-basin and summed.  The 
monthly flow volumes were then divided by the annual total of the CI cards, yielding seven sets of 
monthly percentages, each representing one sub-basin.  These were then converted into UC cards 
and added to the model to give monthly diversion distributions for the WMS in each relevant sub-
basin.  Diversions associated with the strategy were represented by eight WR cards (including an IBT 
to the San Jacinto-Brazos Basin from Sims Bayou) with annual diversion targets proportional to the 
WWTP flow in each sub-basin.  Based on the implementation decade given in DB07, the priority 
dates for all eight water rights were set to 1/1/2050, junior to all other water rights in the model.  
Return flows from diversions were assumed to be returned the same month to the next downstream 
control point, with a return flow factor of 40 percent to represent industrial use.  The only exception is 
the IBT from Sims Bayou to the San Jacinto-Brazos Basin, for which return flows are prevented from 
returning to the San Jacinto model using an OUT statement.  For the Brazos/San Jacinto-Brazos 
model, the IBT to the San Jacinto-Brazos Basin was modeled using two CI cards representing the 
Harris Manufacturing and Harris Steam Electric WUGs. 
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2.4.16 D16:  NHCRWA Indirect Wastewater Reuse 

While this WMS utilizes outflow from a large number of WWTPs, specific information about volumes 
and monthly patterns of flow from individual plants was not available.  For this reason, Scenario D16 
relied on a generalized approach to model indirect wastewater reuse.  Allocation of flow volumes 
involved GIS analysis of WWTP locations.  Potential source WWTPs were examined in ArcMap and 
overlaid with data layers for stream segments, sub-basin boundaries, and the NHCRWA boundaries.  
WWTP locations were identified primarily in the Greens Bayou Basin or the White Oak Bayou Basin.  
Available WWTP flow for each category for the WMS was assumed proportional to the number of 
WWTPs in that category.  Of the 31,400 acre-feet identified for the WMS, 4,816 acre-feet was 
allocated to the Greens Bayou Basin, 6,357 acre-feet to the White Oak Bayou Basin, and the 
remaining 20,227 acre-feet to the NHCRWA boundary.  The WMS was modeled with three new water 
right diversion WR cards, with diversion locations at the most downstream location of each boundary 
and annual diversion targets as given above.  The assigned priority date of 1/1/2050, which was 
based off of information in DB07, is the most junior in the model.  Water from the D16 strategy is 
intended for combined industrial reuse and municipal and industrial irrigation; however, the relative 
volumes for each of these uses are unknown.  For this reason, the more conservative return flow 
factor of 0 percent for irrigation was applied to all three WR cards.   

2.4.17 D17:  Lake Houston Additional Yield   

For the scenario utilizing additional unappropriated flow from Lake Houston, the WMS was 
represented as a new water right.  A WR card with an annual diversion total of 32,500 acre-feet from 
Lake Houston was added to the model.  Monthly diversion distribution was based on the existing 
municipal usage UC card in the model.  The water right was given a priority date of 01/01/2010, as 
DB07 lists the WMS as potentially active by 2010.  Return flows were assumed to be returned the 
same month as the diversion, with a return flow factor of 60 percent due to the municipal usage type.  
A WS card at Lake Houston associated with the right was added, with the storage volume for the right 
located at the top of the conservation pool. 

2.5 Scenario E:  Future 2060 Conditions With Return Flows and 
All Recommended WMS 

Scenario E incorporated all modeled D strategies for each basin.  This was accomplished by inserting 
code for each of the individual strategies into the model.  For several of the basins, multiple strategies 
relied on representing return flows at the WUG level as CI cards.  In these cases, D strategy CI cards 
did not replace existing cards, but rather were added to the end of the existing list of constant inflows. 

2.6 Scenario F:  Full Authorized Diversions With No Return 
Flows 

Full Authorized Diversions with no return flows were determined from an unmodified copy of the 
TCEQ Full Authorized Diversion (Run 3) WRAP models.  Models were executed normally and 
regulated flows were retrieved from model output using a 2REG record in the TABLES program. 
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Section 3 – Evaluation of Bay and Estuary 
Inflows and Target Attainment 

3.1 B&E Flow Results 

The TABLES program was used to output regulated flows for relevant control points for all (A-F) 
scenarios.  Resultant regulated flows are given in Appendix A.  The impacts of recommended WMS 
were then determined through an analysis of both instream flows and B&E inflows.  These two 
processes are discussed in greater detail below.  

3.1.1 B&E Inflow Targets and Attainment Frequency  

WRAP strategy model output was used to determine effects of WMS implementation on B&E flows 
into Galveston Bay for the Year 2060 condition.  Monthly median B&E flows were determined for A, 
B, C, D0, E, and F.  As noted earlier, the strategy models represent a Full Authorized Diversion 
scenario with the inclusion of expected return flows and strategies from upstream regions.  A 
comparison of monthly medians is given in Figure 3-1 below.   

Figure 3-1.  WRAP Model Median Monthly Bay and Estuary Inflows 

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

Fl
ow

 V
ol

um
e 

(A
c-

Ft
)

A - Naturalized B - Existing Conditions C - Full Diversions + Return
D - 2060 Conditions + Return E - All Strategies F - TCEQ Run 3  



Region H Water Planning Group  
Environmental Flows Study July 2009  

3-2 

As shown in Figure 3-1, median flows for the D0 and E models are lower than the naturalized flows 
but higher than the TCEQ Run 3 (full diversions with limited return flows) model.  This is partially due 
to the inclusion of expected return flows (see the C model curve) and partially due to the inclusion of 
WMS.  Median flows for the E model were also found to be slightly lower than current conditions for 
the majority of the year, but exceed current conditions by 2.6 to 7.8 percent for March, April, 
September, and November.  B&E flows for the E model were also evaluated with reference to B&E 
inflow targets recommended by the TWDB.  There are three sets of targets designed for maintaining 
fisheries.  These are: 

• Max H – The sequence of monthly inflows required for maximum B&E fisheries harvest as 
recommended by TWDB/Texas Parks and Wildlife Department (TPWD) 

• Min Q – The sequence of monthly inflows that minimizes annual volume needed to maintain the 
B&E fisheries harvest as recommended by TWDB/TPWD  

• Min Q-Sal – The sequence of monthly inflows that maintains the B&E salinity constraint as 
recommended by TWDB/TPWD 

Monthly values for all three annual targets for the Galveston Bay system are given in Table 3-1 
below.  In general, Max H represents a target condition for ultimate production while Min Q-Sal 
represents a base condition that must be maintained on a more reliable basis.  

Table 3-1.  Monthly Galveston Bay Inflow Targets 

Month Max H Min Q Min Q-Sal 
1 150,500 150,500 150,490 

2 155,200 216,700 216,700 
3 652,800 363,900 363,900 
4 632,500 352,600 267,270 
5 1,273,700 679,700 309,970 
6 839,700 448,100 413,560 
7 211,500 232,700 211,500 
8 140,000 154,000 140,000 
9 103,000 330,200 102,960 

10 78,600 251,900 78,600 
11 351,500 351,500 164,390 
12 626,800 626,800 93,870 

TOTAL 5,215,800 4,158,600 2,513,210 

It is not feasible to meet all three of these goals 100 percent of the time while still meeting water 
demands within these regions.  Rather, recommendations proposed by the GBFIG are used in this 
study to a desired annual frequency for which these targets should be met.  Region H formally 
adopted GBFIG-proposed frequencies of attainment during the 2001 cycle of Regional Water 
Planning.  GBFIG proposed a 50 percent frequency of attainment for Max H, 60 percent for Min Q, 
and 75 percent for Min Q-Sal.  Prior study of freshwater inflows for Galveston Bay (Espey 
Consultants 2008) demonstrates that consideration should be given to the quantity, quality, 
seasonality, and location of inflows.  However, the GBFIG recommendations do not explicitly address 
a desired frequency for the seasonality (i.e., monthly distribution) of freshwater inflows.  For this 
study, the recommended annual frequency was used as a placeholder for the evaluation of seasonal 
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variations (i.e., monthly distribution).  The frequency of meeting target flows (frequency of target 
attainment [FTA]) on an annual basis is given in Table 3-2. 

Table 3-2.  Frequency of Target Attainment 

Scenario Max H 
(%) 

Min Q 
(%) 

Min Q-Sal 
(%) 

GBFIG Recommendation 50 60 75 

A - Naturalized 68 67 83 

B – Current Conditions 63 58 79 

C – Full Diversion 59 53 75 

D – 2060 Conditions 60 56 74 

E – All Strategies 62 59 77 

F – TCEQ Run 3 43 43 56 

As shown in the table, the E model meets the recommended GBFIG annual B&E targets at the 
desired frequency for both the Max H and Min Q-Sal flow.  The frequency of attainment for Min Q for 
the E model is 59 percent, just one percent less than the recommended 60 percent proposed by 
GBFIG.  In general, with the exception of the naturalized flow model and the TCEQ Run 3 model, all 
of the scenarios examined either achieved or nearly achieved the desired annual frequency of 
attainment for Max H and Min Q-Sal.  The Min Q recommended target frequencies were not achieved 
under any scenario other than naturalized flow.  Note that individual years missing annual targets 
typically were below the targets by a small amount; however, for purposes of determining annual 
frequency of attainment, a shortage of even one acre-foot per year counts as failure to meet that 
year’s target. 

FTA can also be viewed from a seasonal and monthly perspective, as shown in Figures 3-2 and 3-3.  
For the purpose of this study, three seasons were developed based on the observed flow regime.  
The spring season was assumed to consist of the months from March through June, while summer 
was represented as July through October, and the winter season represented as November through 
February. 
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Figure 3-2.  Seasonal Frequency of Target Attainment 
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Figure 3-3.  Monthly Frequency of Target Attainment 
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points higher in meeting frequency goals than the base model on a monthly basis.  However, some of 
the modeled impact of the TRA to Houston strategy is an artifact of the original Full Authorized 
Diversion models used to develop the base models for this study.  In these original models, the full 
volume of the interbasin transfer was already shown leaving the Trinity basin; however, the 
importation of water into the San Jacinto Basin from the IBT was not shown.  In reality, the IBT would 
be expected to alter the location of B&E inflows but should not cause an increase in volume.  FTA for 
the D12 model in comparison the D0 and E models is given in Table 3-3.  

Table 3-3.  FTA for D0, D12, and E Models 

Max H Min Q Min Q-Sal 
Month 1D0 

(%) 
2∆D12 

(%) 
∆E 
(%) 

D0 

(%) 
∆D12

(%) 
∆E 
(%) 

D0 

(%) 
∆D12 

(%) 
∆E 
(%) 

1 84 2 1 84 2 1 84 2 1 

2 86 2 1 85 0 0 85 0 0 

3 50 0 0 69 0 0 69 0 0 

4 41 0 0 69 1 2 75 0 0 

5 48 0 0 64 1 1 80 0 0 

6 37 0 0 56 2 2 58 0 0 

7 47 0 1 44 0 2 47 0 1 

8 65 2 3 51 6 8 65 2 3 

9 91 1 1 32 0 0 91 1 1 

10 78 10 11 35 0 0 78 10 11 

11 47 1 1 47 1 1 73 0 1 

12 47 0 0 47 0 0 89 1 1 
1. D0 represents the FTA for the base model. 
2. ∆D12 and ∆E values indicate increase in frequency of attainment values from the D0 model. 

 

3.1.2 Location of B&E Inflows 

Implementation of WMS will impact not only the FTA but also the proportion of inflow supplied by 
each basin.  This is especially important given that several strategies proposed involve IBTs of water 
in the Trinity and San Jacinto Basins.  Inflows for the San Jacinto and Trinity Basins for several model 
runs are shown in Figure 3-4.  Note that the remaining basins are smaller contributors to overall B&E 
flow and vary by a smaller amount than the two basins shown.  This is largely due to the presence of 
IBTs for the Trinity and San Jacinto Basins. 
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Figure 3-4.  B&E Contributions of the San Jacinto and Trinity Basins 
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As shown in the figure, for naturalized conditions as well as the current conditions model, B&E inflows 
are dominated by the Trinity Basin.  The proportion of flow provided by the Trinity is lower for the 
remaining models, including the C model (Full Authorized Diversions + expected return flow).  
However, the implementation of upstream WMS shown for the D0 model causes an increase in the 
relative contributions of the Trinity as compared to the C model.  The proportion is slightly lower for 
the E model, demonstrating that the Region H strategies slightly increase the proportion of water 
coming from the San Jacinto Basin.  This is largely due to the IBT of water into the San Jacinto 
system.  

3.2 Evaluation of Alternatives for Meeting GBFIG Targets 

3.2.1 Concept and Target Conditions 

As part of the scope of services for the environmental flows investigation, alternatives were 
considered to allow the WMS (E) models to meet B&E flow targets at the desired frequency for Year 
2060 conditions.  This task is not intended to determine flow needs for the bay, nor to develop an 
applied operational solution for achieving desired B&E flows.  Rather, the task is intended simply to 
use the goals already proposed by TWDB and Region H to evaluate how these goals may be 
achieved and what impacts to future water supply may result.  The models used in this process 
functioned by modifying reservoir operations to reduce B&E target flow shortages.  The goal of the 
modeling process was to assess if a methodology could be developed to achieve a desired target 
B&E inflow frequency while also maintaining current and future water supplies (that is, without 
reducing firm yields).  Two sets of modified WMS models were developed, one for Max H and another 
for Min Q-Sal.  Models are based on a Year 2060 full diversion scenario with expected return flows 
and all modeled WMS strategies (E model base).   

Max H was chosen as a target condition since Max H target flows are achieved at the desired 
frequency (50 percent of monthly records for each month) under naturalized conditions.  Monthly Min 
Q and Min Q-Sal targets are not achieved at the desired frequency even for naturalized conditions.  
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The Max H targets represent the proposed peak of total annual fisheries harvest for Galveston Bay 
bound by the lowest decile and median monthly values and salinity viability limits as output by TWDB 
methodology.  Min Q-Sal was also investigated because it represents a proposed minimum 
acceptable inflow required to maintain the salinity needed for B&E fisheries productivity rather than 
the higher flow targets. 

3.2.2 Methodology 

It was assumed that B&E inflow targets are achieved by any flow that equals or exceeds the target 
flow; thus, flow cannot be too high for the target, but can be too low.  A limitation of this approach is 
that it does not consider a bracket of flow.  In some situations, excessive flows could result in less 
than optimum conditions.  It is important to note that the State’s Max H, Min Q, and Min Q-Sal flow 
regimes are not individual flow targets but rather represent optimal harvest when all 12 months in a 
year are at or near monthly targets.  However, Espey Consultants (2008) has noted that the pattern of 
flows defined by Max H does not occur historically; in order to meet the 50% frequency for Max H, the 
monthly Max H targets would have to be bracketed by ±1,045 percent.  FTA is increased by 
increasing the number of months meeting the volume target, but not by uniformly increasing volumes.  
The most efficient way to achieve this is to target the months with the smallest shortages and 
increase the B&E flows for those months to target levels.  The primary concern in selecting a specific 
approach to increasing flows is avoiding superseding the existing priority system; that is, interfering 
with existing and future water rights and strategies.  Setting an instream flow requirement at the basin 
outlet or similar approaches using pass-through flows from streamflow would likely impact existing 
rights.  Pass-through flows from reservoirs are also likely to create conflicts with existing rights.  As 
shown in Figure 3-5, the amount of water available for reservoir pass-through is also sometimes 
inadequate to meet existing and future demands, indicating that this could not be used without 
impacting firm yield.   

Figure 3-5.  Available Reservoir Water and Demands 

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

Ju
ne

 '4
0

Apri
l '4

3

Ju
ne

 '4
3

Ju
ne

 '4
4

Ju
ne

 '4
5

Apri
l '4

7

May
 '4

7

Ju
ne

 '4
9

Apri
l '5

5

May
 '5

9

Ju
ne

 '6
5

Dec
em

be
r '6

5

Ju
ly 

'78

Dec
em

be
r '7

9

Apri
l '8

0

Apri
l '8

5

Nov
em

be
r '8

7

Apri
l '8

9

Ju
ly 

'91

Ju
ne

 '9
4

Ju
ne

 '9
5

V
ol

um
e 

(A
c-

Ft
)

Houston Inflow Conroe Inflow Livingston Inflow
Houston Diversions Conroe Diversions Livingston Diversions
B&E Shortage

 

The only remaining option, and the one least likely to interfere directly with the priority system, is the 
discrete release of water from reservoir storage.  From a reservoir operations standpoint, this is 
equivalent to managing releases when shortages for a particular month are less than some specified 
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level.  Such an operating scenario in which reservoir releases would be made to address only the 
smallest B&E target flow shortages would minimize the volume of reservoir releases needed to meet 
frequency goals and in turn decreases the possibility of reducing the firm yield of existing and future 
water rights.  The range of Max H shortages is shown in Figure 3-6.   

Figure 3-6.  Monthly Target Shortages for Max H 
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While there are a large number of months with shortages and a median shortage value of 
230,000 acre-feet, only a limited number of the smallest shortages must be corrected to achieve the 
desired frequency goals (50 percent for Max H and 75 percent for Min Q-Sal).  

For the Max H condition, frequency of attainment of monthly B&E targets for the E model, described 
earlier, was compared to the target frequency of attainment.  For months with frequencies less than 
50 percent, the frequency shortage was defined as the difference between 50 percent and the 
simulated frequency of attainment.  Months with shortages below the targets were identified and 
ranked in size.  Months with the smallest shortages were selected for adjustment by pulling adequate 
supply out of reservoir storage to meet the Max H target.  In WRAP, this was achieved by 
establishing “dummy” water rights at the basin outlets of the Trinity and San Jacinto Basins.  These 
rights called for reservoir releases (from Lake Houston in the San Jacinto Basin and Lake Livingston 
in the Trinity Basin) only during the months of smallest shortages identified as described above, with 
the release amount set slightly larger than the monthly shortage.  The outlet rights were not allowed 
to divert via streamflow depletions and were not allowed to refill reservoir storage after meeting 
diversion targets.  Monthly targets for the dummy water rights were set manually using Target Series 
(TS) cards associated with the “dummy” water right in each basin.  Targets were divided between the 
two basins based on a ratio of unadjusted monthly reservoir volume.  This averaged approximately 
six percent for Lake Houston and 94 percent for Lake Livingston.  The process of determining the 
number of smallest months and setting reservoir releases was repeated iteratively until the desired 
50 percent frequency of attainment was met.  The target months selected for modification are 
illustrated in Figure 3-7.  Monthly information on frequency of attainment, target reservoir release 
volumes, and the modified months are given in Table 3-4.   
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Figure 3-7.  Frequency and Volume of Reservoir Releases for Max H Attainment 
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Table 3-4.  Frequency of Max H Target Attainment 
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March 50.3     50.3   

April 41.0 127,500 15.1 50.1 6 

May 47.8 74,200 3.4 50.1 2 

June 37.3 156,100 20.0 50.1 8 

July 47.9 7,900 3.4 50.1 2 

August 67.5     67.5   

September 92.1     92.1   

October 88.8     88.8   

November 48.1 9,400 3.4 50.1 1 

December 46.8 115,400 3.5 50.1 2 
 
The Maximum Target Volume column gives the monthly upper limit of shortages to be corrected 
through reservoir releases; shortages greater than this these amounts would not result in a reservoir 
release for that month.  A similar process was carried out for the Min Q-Sal targets, with the goal for 
frequency of attainment set to 75 percent.  Pre-revision monthly target attainment for Min Q-Sal is 
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shown in Figure 3-8.  Reservoir release calls are shown in Figure 3-9, with frequency information in 
Table 3-5. 

Figure 3-8.  Monthly Target Shortages for Min Q-Sal 
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Figure 3-9.  Frequency and Volume of Reservoir Releases for Min Q-Sal Attainment 
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Table 3-5.  Frequency of Min Q-Sal Target Attainment 
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March 68.9 105,500 17.6 75.1 4 

April 75.7    75.7  

May 80.0    80.0  

June 58.8 172,600 39.2 75.1 10 

July 47.9 48,100 51.8 75.1 16 

August 67.5 11,200 22.2 75.1 5 

September 92.1    92.1  

October 88.8    88.8  

November 74.0 14,200 1.5 75.1 1 

December 89.6    89.6  
 
 
3.3 Impacts to Future Water Supply 

The impacts to future water supply as a result of the methodology used to address B&E target flow 
shortages can be demonstrated as a function of future firm yield and future reservoir storage.  The 
release of stored water from Lake Houston and Lake Livingston will result in a reduction of water 
supply available for diversion for both of these reservoirs as well as potential upstream supply 
reductions.  Supply impacts can be quantified as a reduction in future firm yield and/or a reduction in 
future reservoir storage.  The following report sections address these supply impacts. 

3.3.1 Water Right Yield 

Firm yields were also calculated for the E model and revised models for selected water rights to 
determine the impact of managing for FTA on existing rights and future strategies.  The firm yield 
analysis differed from that used in the previous RWP in that the B&E models include return flows, 
unlike the 2006 RWP.  A similar scenario was used in the last RWP for Lake Livingston; however, 
other project yields in the 2006 RWP were determined without return flows included.  For this study, 
firm yields were approximated as the minimum annual diversion from model results rather than using 
a Firm Yield (FY) card in the WRAP model.  The key rights targeted included supplies identified in the 
2006 RWP as well as potentially impacted WMS.  Results from the revised models were compared to 
the E model to determine any change in minimum annual diversion.  The results, shown in Table 3-6 
below, demonstrate that in spite of the significant effects on reservoir levels, the altered reservoir 
operations used to meet FTA goals do not alter the firm yields of the Trinity or San Jacinto Basins.  
This is because the reservoirs do not empty at any time during the study and monthly diversions 
continue to be met from a combination of reservoir inflow and stored water. 
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Table 3-6.  Minimum Annual Diversions for Max H and Min Q-Sal Reservoir Operation 

Model Minimum Annual Diversion 
(ac-ft) 

Basin Description Permit 
(ac-ft) 

E Revised 
Max H 

Revised 
Min Q-Sal 

San 
Jacinto Lake Houston 168,000 168,000 168,000 168,000 

San 
Jacinto Lake Conroe 100,000 82,266 82,266 82,266 

Trinity COH Livingston 940,800 940,800 940,800 940,800 

Trinity *SJRA/Devers ROR 58,500 58,285 58,285 58,285 

Trinity *COH/Dayton 38,000 34,084 34,084 34,084 

Trinity CLCND - Lake Anahuac 39,613 9,317 9,317 9,317 

Trinity *CLCND Fixed Right - CWA 73,334 73,334 73,334 73,334 

Trinity *SJRA - CLCND Fixed Right - CWA 30,000 30,000 30,000 30,000 

Trinity Livingston - TRA 403,200 403,200 403,200 403,200 

**Established through fixed right agreements. 

The above results, indicating no impact to firm yield supply due to reservoir releases, is a result 
primarily of the inclusion of expected return flows in the E model.  The import of water coupled with 
the inclusion of expected return flows in the E model creates significant volumes of water in the lower 
Trinity and San Jacinto basins made available for firm yield diversions and B&E flow releases.  These 
return flows, however, are not currently permitted for use in the lower basins and it is noted that 
without the inclusion of these return flows, the impact to future firm yield for the supplies listed in 
Table 3-6 would be significantly more pronounced.   

3.3.2 Reservoir Levels 

Impacts to reservoir volumes in the revised E model for Max H and Min Q-Sal targets are shown in 
Figures 3-10 and 3-11.  For Lake Houston, managing releases to meet the Max H and Min Q-Sal 
frequency goals resulted in extended periods of reduced reservoir volume.  Lake Houston does not 
completely refill after 1942 for Max H and 1951 for Min Q-Sal.  While Lake Houston averages 
98 percent of full for the unaltered E model during the period of record, the revised Max H and 
Min Q-Sal models average 90 and 87 percent, respectively.  The effects of revised reservoir 
operations are greater for Lake Livingston, which averaged 95 percent of full volume for the E model, 
81 percent for Max H revisions, and 78 percent for Min Q-Sal revisions.  As with Lake Houston, Lake 
Livingston did not refill after 1943 for Max H and 1951 for Min Q-Sal.  
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Figure 3-10.  Lake Houston Storage Volume for Revised Reservoir Operation 
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Figure 3-11.  Lake Livingston Storage Volume for Revised Reservoir Operation 

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

1,800,000

1940

1942

1944

1946

1948

1950

1952

1954

1956

1958

1960

1962

1964

1966

1968

1970

1972

1974

1976

1978

1980

1982

1984

1986

1988

1990

1992

1994

1996

Date

Vo
lu

m
e 

(a
c-

ft)

E Model
Max H Revision
Min Q-Sal Revision



  Region H Water Planning Group 
July 2009 Environmental Flows Study 

4-1 

Section 4 – Evaluation of Instream Flow 
Requirements for Future Water 
Management Strategies 

4.1 Identification of Critical Segments 

A list of 26 segments with the potential to be impacted by Region H WMS was developed from a 
compilation of segments studied in the TWDB Streamflow Assessment found in the 2002 SWP.  
Regulated flows at the 26 segments were determined for the base (D0) models as well as for all WMS 
models, including the composite E model.  Based on monthly results for the model simulation period, 
10th percentile flows were calculated to investigate low flow conditions.  For each WMS, 10th 
percentile flows at each of the 26 segments were compared to the D0 models.  For each WMS, the 
stream segment with the greatest (absolute) percentage difference from the base model was 
considered to be the most critical segment for that strategy (see Exhibit 2).  For the 13 strategy 
models, six segments were identified in the Brazos and San Jacinto Basins as being particularly 
influenced by Region H WMS.  Lyons flows, generally considered to represent a general low-flow 
condition adequate to maintain sound ecologic function, were calculated for the segments for 
comparison purposes.  Please note that Lyons flows were developed from WAM Run 8.  A summary 
of highly impacted segments is presented in Table 4-1.  An expanded summary of instream flow 
critical segments, along with graphical representation of strategy impacts on a monthly basis, are 
provided in Appendix B.  

Table 4-1.  Impacts of WMS Implementation on Critical Stream Segments 

10th Percentile Flows 
WRAP 

Identifier Basin Strategy D0 
(ac-ft) 

Strategy
(ac-ft) 

Change 
(%)  

Lyons 
Flow 
(ac-ft) 

Freeport Desalination 40,776 -0.8 
BRA System Ops 39,246 -4.5 532801 Brazos 

Allens Creek 
41,101 

40,027 -2.6 
68,751 

Little River 55,028 -1.6 
BRRI70 Brazos 

Houston to GCWA 
55,925 

55,324 -1.1 
78,697 

TRA to Houston 4,223 189.1 
TRA to SJRA 2,736 87.3 SPSP San 

Jacinto 
All Strategies 

1,461 
5,522 278.0 

1,607 

1004 San 
Jacinto Expanded GW 2,082 2,937 41.1 2,444 

Indust. WW Reuse 56,482 -5.6 
Houston Indir. Reuse 56,863 -5.0 A5191P San 

Jacinto 
NHCRWA Indir. Reuse 

59,845 
59,039 -1.3 

39,041 

SRGB San 
Jacinto Lake Houston Yield 65,550 66,973 2.2 43,805 

 
With the exception of the Freeport Desalination and the Houston to GCWA transfer strategies, WMS 
from increased inputs such as increased groundwater, IBTs, or additional permitted reservoir yield 
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resulted in positive impacts to 10th percentile flows.  These positive impacts tended to occur year 
round, but were greatest during the summer months with some indicating large increases in flow 
through early fall.  The remaining strategies, which resulted in an overall negative impact (i.e., 
reduced flows) at the critical segments, fell into two distinct groups.  The three wastewater reuse 
strategies (Houston, NHCRWA, and industrial), along with the Freeport Desalination strategy, caused 
fairly uniform reductions to 10th percentile flows throughout the year, with little or no seasonable 
variability.  For the Freeport Desalination WMS, the critical segment is located upstream of the WMS 
inputs locations.  This suggests that these increases are firming up downstream rights using 
increased constant inputs, resulting in reduced pass-through flows in upstream segments.  The 
remaining reduction-causing WMS were the three reservoir strategies (BRA System Operations, 
Allens Creek, and Little River) and the Houston to GCWA transfer.  Unlike the reuse WMS, flow 
reductions were not uniformly distributed and tended to intensify during the spring and summer 
seasons. 

The greatest positive impact for any critical segment was a result of the TRA to Houston Transfer, 
which created an overall increase in 10th percentile flow of 189 percent.  The greatest reduction was 
 -5.6 percent for industrial wastewater reuse.  For the model representing full implementation of all 
strategies (E), the change at the critical segment was a positive increase of 278 percent.  

As shown in Table 4-1, strategy flows in the San Jacinto Basin exceeded Lyons flow levels, while the 
Brazos Basin strategy flows were well below calculated Lyons flows; one should note that for the 
critical segments in the Brazos Basin, 10th percentile flows for D0 were already lower than Lyons 
flows.  The observation that a number of strategy flows in the San Jacinto Basin exceeded the Lyons 
flows, even when strategy impacts reduced flow, suggest that categorization of a segment as critical 
is not a clear indication of its ecological condition. 

4.2 Lyons Flows and Field Evaluations 

The identification of critical segments described above was paired with a field study to enhance 
understanding and applicability of flow conditions at the identified segments.  While points were 
labeled as critical, identification as being most impacted does not in of itself reveal whether low-flow 
or reduced-flow conditions represent an ecologically degraded state.  For this reason, the second 
stage of the instream flow study involved calculating Lyons flows for relevant segments combined 
with field evaluation of instream flow conditions.  Results were then used to examine possible 
environmental repercussions of WMS.  Lyons flows were calculated based on regulated flow rates for 
the Current Conditions (Run 8) model; values were calculated as 60 percent of median flows for 
March through September and 40 percent of median flows for October through February.   

Field examination of stream segments provided a visual assessment of ecological conditions of the 
segments.  This was combined with quantitative measurement of stage and flow from the United 
States Geological Survey (USGS) gauges, which enabled qualitative analysis of stream condition to 
be related to calculated Lyons flows.  Seven stream segments were identified in the Brazos, San 
Jacinto, San Jacinto-Trinity, and Trinity Basins from the TWDB Streamflow Assessment for inclusion 
in the field study.  Selected segments were chosen based on accessibility, availability of streamflow 
measurement (proximity to reliable USGS gauges), and reliable flow output from WRAP.  Sites were 
examined during a low-flow period in late July 2008 so that recorded flows would be representative of 
low flow conditions.  Segments were primarily evaluated for Channel Flow Status (CFS) based on 
TCEQ Surface Water Quality Monitoring (SWQM) procedures (TCEQ 2003).  Flow status was defined 
as high if less than five percent of channel substrate was exposed; moderate if five to 25 percent was 
exposed; and low if greater than 25 percent was exposed.  Observations were also made of any 
potential wetlands or riparian corridor in observable range of the survey point.  A description of each 
survey point along with site photographs and observed and Lyons flow are located in Appendix C.  A 
summary of Lyons and observed flows is presented in Table 4-2 below. 
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Table 4-2.  Lyons and Observed Flows for Field Study Points 

 

WRAP 
ID Location 

Lyons 
Flow 
(cfs) 

1Obs. 
Flow 
(cfs) 

2Low 
Flow 
Day

s 

3CFS
Potential 
Wetland 

(Y/N) 

Potential 
Riparian 

Corridor?
(Y/N) 

8TRRO Trinity River near Romayor 1,098 1,000 58 M N Y 

802 Trinity River at Liberty 1,217 <1,21
7 NA M N Y 

9CBCR Cedar Bayou near Crosby 4 0.6 6 L N N 

A3979
A Luce Bayou near Huffman 12 0.2 64 L Y Y 

1004 W Fork San Jacinto near Porter 40 23 20 M Y Y 

1009 Cypress Creek near Westfield 40 30 1 H N N 

532801 Brazos River near Rosharon 1,118 208 15 L N N 
1For segment 802, a flow gauge reading was not available during the observation period.  However, flow was estimated to be 
below the Lyons flow as the recorded stage during the observation period was below the stage associated with the Lyons flow.   
3Number of days prior to observation with average daily flow below Lyons Flow 

3L = Low, M = Moderate, H = High 
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Section 5 – Discussion 

5.1 Bay and Estuary Inflows 

5.1.1 Changes in Volume, Timing, and Location of B&E Inflows 

The overall impact of strategy implementation is shown in Figure 3-1, Section 3.1.1.  The figure 
demonstrates that the strategy model (E), while slightly lower than current conditions (B) for several 
months of the year, is well above B&E flows for the TCEQ Full Authorized Diversion (F) model.  As 
noted earlier, this is partially due to the inclusion of WMS and partially due to the inclusion of 
expected return flows (see the C model curve).  Although the dynamics of the model make explicitly 
tracking water from its source (return flow vs. WMS) difficult, some idea of the relative importance of 
the two can be gathered from comparing C, D0, and E model monthly medians to those from the 
F model.  Using this approximation, on a monthly basis between 36 and 100 percent of the increase 
in flow above the F model is attributable to return flows; in fact, for two months the C model median 
flow exceeds the E model, demonstrating that for some months WMS implementation causes a 
reduction in B&E discharge.  This is not, however, an indication that WMS have a negative impact on 
B&E flows.   

Based on the comparison of C and E models, WMS create an increase in B&E discharge over return 
flows for all months except August and October, with monthly increases as high as 209,800 ac-ft.  
This includes WMS for both Region H and upper basin WMS.  Comparing the D0 and E models to the 
C model, the majority of increase in monthly medians over the C model is observed in the D0 model, 
with the E model tending to be only slightly higher than the D0 model.  This suggests that the 
upstream Region C WMS tend to have a greater impact on B&E flows than the proposed Region H 
WMS examined in this study.  There were several exceptions, with greater Region H impacts for July, 
August, and October.  For all three of these months, the models indicated a decrease in monthly 
median flow caused by upper basin WMS that was wholly or partially negated by Region H WMS.  
Overall, Region H WMS increased monthly median flows by 5,000 to 17,100 acre-feet.  This small 
volume relative to total B&E inflow, in addition to the generally much greater contributions of 
Region C WMS, suggests that the impacts of Region H WMS on total B&E flows will be minimal. 

Strategy D12, the TRA to Houston transfer, was identified earlier as the WMS with the greatest 
individual impact.  By strategy volume, this was the second largest strategy at 152,700 acre-feet per 
year, with only the Brazos System Operations WMS (163,700 acre-feet per year) being larger.  
Please note that this does not include contractual transfers which could not be modeled.  The BRA 
System Operations strategy created minor increases in monthly median B&E flow for most of the 
year, but created a reduced discharge for November and December.  Strategy D12 created increased 
median monthly B&E discharge year round, with changes varying from approximately 4,600 to 
14,200 acre-feet.  

As shown in Figure 3-2, for both Max H and Min Q-Sal, failure to meet B&E targets at the 
recommended frequency occurs primarily during the spring for all models except naturalized flow.  
For Min Q, failure to meet targets with sufficient frequency occurred primarily during the summer.  
The TCEQ Run 3 model failed to meet targets at recommended frequency for all seasons for all three 
targets.  Please note that for the Min Q target, B&E flows do not meet the target with adequate 
frequency for the summer season under any flow condition, including naturalized flow.  On a monthly 
basis (Figure 3-3), the E model failed to meet attainment frequency goals for Max H for six months 
(April – July, November, December), Min Q for seven months (June – December), and Min Q-Sal for 
five months (March, June – August, November).  For all but one of these months, the desired FTA 
was also not reached by the current conditions model.  For Min Q and Min Q-Sal, naturalized flows 
failed to meet targets with adequate frequency for several months.  For Min Q, the naturalized 
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condition was below target attainment for September through December.  For Min Q-Sal, naturalized 
flows failed to meet frequency goals for March, July, and August.   

The function of the Galveston B&E system is influenced by a number of factors.  The seasonal 
variability of WMS effects is highlighted by the results discussed in the preceding paragraphs.  
Beyond volume and timing of flows, one should also consider the relative proportion of inflows 
contributed by each basin.  While the TWDB flow targets treat the B&E system as a single unit, in 
reality the B&E system is not perfectly homogeneous across all locations.  Local ecological dynamics 
may vary from one basin outlet to another and among the various parts of the estuary system.  As 
noted earlier, the Trinity Basin dominates inflows into the B&E system, followed by the San Jacinto 
Basin, with the other rivers making relatively minor contributions.  Viewed over the entire period of 
record, movement from a naturalized condition (A model) to current conditions (B model) shows a 
substantial shift toward the San Jacinto Basin, while the Future 2060 Conditions with strategies 
(E model) has similar proportions to current conditions.  Viewing the proportions of flow on the basis 
of monthly medians reveals a more substantial impact.  While the proportion of flow for the Trinity 
Basin in the B model is reduced by 11 percent or less from naturalized conditions for December 
through June, the remainder of the year shows a reduction in median proportion of 25 to 49 percent.  
The proportion of flow from the Trinity Basin during this half of the year is further decreased in the 
E model, with median flows for July through October reflecting little or no contribution from the Trinity 
Basin.   

The extended period of low median monthly contributions from the Trinity Basin reflected under non-
naturalized conditions, especially for the E model, bears consideration due to the potential for 
excessive local salinity and ecological damage.  However, two factors suggest that inflow location 
change caused by strategy implementation would not be inherently responsible for damage to the 
B&E system.  The first factor is that the majority of the change in flow location is present in the current 
conditions model, which represents the existing, healthy condition of the B&Es.  The second factor is 
that the further shift away from the Trinity Basin and the resultant four month period of near-
nonexistent flows are not a function of strategy implementation, but rather an artifact of a Full 
Authorized Diversion condition.  Examination of median monthly flows (Appendix A) for the C (Full 
Authorized Diversions with Return Flow), D0 (C Model + Upstream WMS), and F (TCEQ Full 
Authorized Diversion) models shows that all three have extremely low B&E discharge in the Trinity 
Basin during the period of concern.  While the C model has higher flows in the Trinity Basin than the 
F model during the period of concern, the strategy models (D0 through E) have lower flows, implying 
that strategy implementation does result in some flow reduction.  However, the fact that the D0 and E 
models have identical median discharges during this period suggests that additional shift of water 
away from the Trinity Basin could be largely a result of upstream strategies. 

5.1.2 Upper Basin Return Flows 

Upper basin return flows are an important consideration in this study due to their inclusion in the base 
model and, in particular, the substantial contributions made by Region C return flows to Region H in 
the Trinity Basin model.  Water imports into the upper Trinity River Basin account for additional return 
flows that may potentially be an important source for both lower basin water rights and B&E inflows.  
This is made even more important due to the Trinity being a source basin for several major IBTs to 
the San Jacinto supplying the major demand centers in Region H.  The importance of return flows to 
the WMS models presented in this study is highlighted by a comparison of the C and F model results.  
For every month of the full period of simulation, the addition of return flows in the C model resulted in 
increased B&E flow over the F model, with a minimum monthly increase of 27,897 acre-feet and a 
median increase of 80,878 acre-feet.  

In addition to the primary models carried out for the study, an additional secondary model was 
developed to determine the effects of removing upper basin return flows from the Trinity model for 
expected Year 2060 conditions.  Using the unmodified E model as a base, non-Region H constant 
inflow cards were removed from the model code, along with any identified Region C return flows not 
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explicitly associated with modeling reservoir operations.  The revised model was executed and 
examined on the basis of B&E discharge and minimum annual diversion (as a proxy for firm yield) for 
key supply rights.  As shown in Figure 5-1, removal of upstream return flows resulted in substantial 
reductions of median flow for the first half of the year, with relatively smaller changes for the rest of 
the year.  Over the entire period of record, this is equivalent to a 20 percent reduction in B&E 
discharge from the Trinity Basin.   

Figure 5-1.  Comparison of Trinity Basin B&E Median Monthly Discharge With and Without  
Region C Return Flows 
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As seen in Table 5-1, of the seven major supply rights examined, six experienced a reduction in firm 
yield due to removal of upper basin return flows.  These reductions in firm yield ranged from 34 to 
54 percent, with the year of minimum annual diversion occurring primarily in 1956 during the drought 
of record.  As such, any future Region C WMS which reduces return flows to Region H will have the 
potential to substantially alter B&E flow regimes as well as the firm yield of water rights in the Trinity 
and San Jacinto Basins. 
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Table 5-1.  Minimum Annual Diversions With and Without Upper Basin Return Flow 

E Model E Model without RF
Basin Description Permit MAD 

(ac-ft) 
Min. 
Date 

MAD 
(ac-ft) 

Min. 
Date 

Trinity COH Livingston 940,800 940,800 NA 536,303 1956 

Trinity *SJRA/Devers ROR 58,500 58,285 1950 33,718 1956 

Trinity *COH/Dayton 38,000 34,084 1956 15,846 1956 

Trinity CLCND - Lake Anahuac 39,613 9,317 1956 9,317 1956 

Trinity *CLCND Fixed Right - CWA 73,334 73,334 NA 43,207 1956 

Trinity *SJRA - CLCND Fixed Right - CWA 30,000 30,000 NA 17,322 1963 

Trinity Livingston - TRA 403,200 403,200 NA 264,408 1956 
 

5.1.3 Frequency of Target Attainment 

The evaluation of alternatives for meeting TWDB targets at GBFIG-recommended frequency was 
successful for both Max H and Min Q-Sal conditions; the desired FTA was met for both conditions 
while maintaining minimum annual diversions for current and future water supplies.  The annual 
yields for major supply rights were not impacted, primarily due to significant upper basin return flows 
in the Trinity Basin as discussed in Section 5.1.2.  Although targets were met without reducing firm 
yield, a loss of modeled reservoir storage did result for both Lake Houston and Lake Livingston.  For 
Max H, the median level for Lake Houston was reduced by eight percent (8,741 ac-ft) and for Lake 
Livingston by 17 percent (284,603 ac-ft).  The storage loss was larger for the Min Q-Sal condition, 
with the median storage level reduced by 11 percent (12,069 ac-ft) in Lake Houston and 24 percent 
(404,816 ac-ft) in Lake Livingston.  The greater loss of storage for Min Q-Sal may seem 
counterintuitive, given that the monthly targets are less than or equal to the Max H targets (48 percent 
of Max H on an annual basis); however, the FTA for Min Q-Sal is greater (75 percent vs. 50 percent) 
than that for Max H.  Because the methodology used in this study attempts to modify frequency and 
therefore minimizes the volume required to meet FTA, it appears that the loss of storage may be 
unavoidable unless the desired FTA differed from the current GBFIG recommendation.   

Results of the alternative analysis are focused on and are applicable only to expected Year 2060 
conditions.  Due to the staging of scenarios and return flows over time, the most critical scenario for 
FTA or reservoir response may occur at an intermediate decade or decades.  The Region H planning 
scope for the 2011 RWP has elements to address pre-2060 decades during the second biennium of 
the plan. 

5.1.4 Considerations 

There are a number of concerns related to the presented evaluation of alternatives for meeting FTA.  
Foremost, the approach used to meet FTA is a “hard-wired” approach that couldn’t be realistically 
replicated as a reservoir operating rule.  The operating rule applied in the model equates to, “If 
monthly flow Y is less than monthly minimum X, release (X-Y) of additional water from the reservoir.”  
However, actual application of this rule would require foreknowledge of total flow for the upcoming 
month.  Additionally, reservoirs are operated at timescales much smaller than a monthly basis.  Even 
if future shortages could be known on a monthly basis, there would be no clear way to translate this 
into daily operational rules; trying to apply FTA on a daily basis would also be unreasonable.   
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Another predictive issue is related to reservoir operation and the maintenance of firm water supplies 
for both anticipated and unexpected conditions.  If drought exceeds the known drought of record, 
simulated in this study, reservoir storage may be critical for maintaining firm yield.  Although drops in 
reservoir level in this exercise never impacted yield, the maintenance of a reduced reservoir level 
reduces a water supply’s protection against unforeseen drought conditions.  Furthermore, it is 
noteworthy to observe that the reservoir levels at the end of the revised reservoir operation 
simulations never reach a full level.  In both the model and actual operation, the reservoirs of concern 
are not refilled at a set priority through a water right or agreement but rather are limited to impounding 
unappropriated flows available at the reservoir location.  Even if one assumes that the period of 
record is representative of future conditions to come, successive cycles of the period of record would 
result in continually dwindling reservoir levels and, ultimately, a loss of firm yield. 

Another concern with the approach taken is the validity of assuming that annual GBFIG targets are 
applicable on a seasonal or monthly basis.  Sub-annual time scales are clearly of importance; it is 
mathematically possible to meet an annual flow target while flows for one or more months could be 
low enough to be ecologically inadequate.  Whether FTA is more critical for some seasons or months 
than others has not yet been established.  The application of the annual GBFIG FTA to monthly 
targets was made due to a lack of a more reasonable alternative and should be studied further.   

Finally, while the purpose of this study is not to evaluate B&E needs or develop new flow targets or 
FTA, the underlying assumption that B&E flow needs are met if the desired FTA is achieved must be 
considered critically.  One potential concern is that this approach does not consider a bracket of 
flows, but only if the flow equals or exceeds the desired B&E flow.  This does not account for the 
possibility that, in some circumstances, excessive flows may also result in less than optimum 
conditions.  It is important to remember that the State’s Max H, Min Q, and Min Q-Sal flow regimes 
are not made up of individual flow targets but rather represent optimal harvest when all 12 months in 
a year are at or near the monthly target.  However, Espey Consultants (2008) has noted that the 
pattern of flows defined by Max H does not occur historically; in order to meet the 50% frequency on 
Max H, the monthly Max H targets would have to be bracketed by ±1,045 percent.  Monthly flow 
patterns for the Max H and Min Q-Sal models are given in Figures 5-2 and 5-3.  As seen in the 
figures, the revised model median for Max H and 25th percentile for Min Q-Sal (corresponding to 
50 and 75 percent FTA) are at or above the target values for all months of the year.  While this means 
that the FTA requirement has been met using the definitions and assumptions for this study, the 
difference in distribution between the targets and revised models indicate flow conditions that do not 
meet optimum goals as provided by TWDB targets.  Additionally, it is important to recognize that 
these are percentile distributions; even if the median or 25th percentile curve perfectly matched the 
targets, this does not guarantee that every month of a particular year was at or near target as 
required to meet TWDB’s definition of optimal performance. 
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Figure 5-2.  Distribution of Monthly B&E Inflows for Max H Revised Operation Model 
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Figure 5-3.  Distribution of Monthly B&E Inflows for Min Q-Sal Revised Operation Model 
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5.2 Instream Flows 

5.2.1 Critical Segments 

As shown in Table 4-1 in the preceding section, the critical (most impacted) segments for the various 
strategy models occurred at six locations in the San Jacinto Basin and lower portion of the Brazos 
Basin.  The critical changes in the San Jacinto Basin are predominantly increases due to increased 
supply (IBTs, increased groundwater inputs, Lake Houston yield) to the San Jacinto Basin and 
decreases created by reuse strategies.  While one would expect the large IBT projects to 
substantially impact the source (Trinity Basin) basin, this is not the case due to the large IBTs being 
included in the TCEQ Full Authorized Diversion (F) model, which was used to build the base model 
(D0) for Region H WMS implementation. 

The positive increases in flow due to IBTs occurred year round but were greatest for the summer 
period.  Due to the approximately uniform distribution of additional supply from IBT strategies in the 
source basin, this is not due to the monthly input distribution.  Rather, for the base (D0) model, 
median and 10th percentile flows in the San Jacinto Basin tend to be lower during the summer and 
early winter months, especially at the critical segments.  Since flows at these points tend to be low 
during the summer, the proportional change caused by the uniform input is greater than for higher-
flow periods.  The reduction in flow at some segments in the San Jacinto due to reuse may seem 
counterintuitive since additional demands are being met without the development of new water 
sources.  However, the reuse strategies result in either a reduction of return flows to streams or the 
withdrawal of return flows at some point as part of a bed and banks permit conveyance.  The same is 
true of other points impacted by these strategies (see Appendix B).   

Critical stream segments in the Brazos Basin were impacted mainly by reservoir projects, as well as 
the Houston to GCWA transfer and Freeport Desalination.  All critical segments in the Brazos Basin 
showed decreased 10th percentile flows to WMS due to diminished pass-through flows from 
upstream rights, even for the increased supplies created by Freeport Desalination and the Houston to 
GCWA transfer.  The change in 10th percentile flow at critical segments in the Brazos Basin, though 
consistently negative, was minor on an annual basis, with decreases of 4.6 percent or less annually.  
Changes were also generally small for monthly 10th percentile values, with the exception of a 
28 percent reduction in May for the Allens Creek WMS.  For these two strategies, the critical 
segments are located upstream of the locations of increased input.  This suggests that, unlike the 
increased supply strategies in the San Jacinto Basin, these increases are firming up downstream 
rights using increased constant inputs, resulting in reduced pass-through flows in upstream 
segments.  The BRA System Operations and Allens Creek strategies showed the greatest percent 
reduction in flow during the winter and spring months, due to “scalping” of higher seasonal flows.  The 
Little River Off-Channel Reservoir exhibited its largest change in August.  This is a function of the 
peaked monthly usage distribution pattern associated in the model with the Little River Off-Channel 
diversion, which reaches its highest levels in July and August and is substantially lower for the 
remainder of the year.   

5.2.2 Field Observations 

As noted in the results earlier, field observations of flow and environmental condition were made at 
seven locations during a period of low flow conditions of approximately Lyons flow levels.  Because 
natural variations in flow precluded examining all of the stream segments simultaneously at exact flow 
rates, observed flows were somewhat lower than the Lyons value.  USGS flow values, where 
available, varied widely in relation to the target condition for field observation, ranging from 2 to 
91percent of Lyons flow.  Based on CFS indicators, the observed flow status was primarily low to 
moderate.  By the definition of Lyons flows, the observed flow conditions at all visited segments would 
represent an ecologically distressed condition.  However, classification of several segments as 
moderate flow status, along with observations of channel condition and vegetation, did not indicate 
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significant ecological degradation (see Appendix C for photographs and summary).  While some 
observed locations did show indications of mild bank erosion, streams generally appeared in fair to 
good condition, with healthy vegetation and observed presence of aquatic wildlife.  None of the 
segments examined showed signs of ecological degradation caused by low flows.  For several 
stations, flows had been low for an extended period but only below the Lyons flow for a short time or 
oscillated above and below the Lyons Flow.  However, for the Trinity River at Romayor and Luce 
Bayou near Huffman, average daily flows had been below Lyons flow for approximately two months.  
Grass growth near the water line in some locations confirmed this extended low flow period.  In spite 
of this, significant ecological degradation was not observed and in fact the Trinity River showed a 
“moderate” channel flow status.  While it appears that the Lyons flow and TCEQ channel flow status 
both have some merit in indicating general comparative levels of flow for the stream segments, 
neither appears to serve as a clear indicator of stream health, at least at the timescales observed.  It 
is possible that for more prolonged low flow periods ecological conditions would eventually coincide 
with the indicators.   

Additionally, it is important to note that observations were taken as closely as possible to easily 
accessible USGS gauging stations to get accurate flow results.  These stations are typically located 
at bridges and stream crossings which have generally been channelized or altered to some degree 
and may not perfectly represent more natural segments immediately upstream or downstream. 

Visual observations of more natural segments suggested that even at the low flow rates, stream 
health was not seriously impaired.  Additionally, viable wetlands and riparian corridors were observed 
in the immediate vicinity of some of the survey points.  This conflict between the definition of Lyons 
flow and observed indicators of stream health call into question the applicability of Lyons flow as a 
stream health indicator in this area.  As such, more study would be required to determine whether the 
Lyons flows are representative of an ecologically sound condition for Region H stream segments.  
This question may be addressed more clearly by the Texas Instream Flows Program. 
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Section 6 – Conclusions 
This study was intended to evaluate the impacts of individual management strategies on 
environmental flows including both B&E inflows and instream flows in channels.  Furthermore, an 
evaluation of impacts to existing and future water supplies was performed for two scenarios aimed at 
increasing the frequency of attaining B&E inflow targets.  The following observations were made 
through the course of the study: 

B&E Inflow Volume, Location, and Target Attainment 
• In general, the inclusion of strategies upstream of and within Region H generally leads to a 

net increase in B&E inflows due to the import of new water to the basin. 
• Impacts of individual Region H WMS are relatively minor with the exception of the TRA to 

Houston transfer, which resulted in an increase in FTA of up to 10 percent for one month. 
• Shortages in meeting Max H and Min Q-Sal targets occur generally in the spring.  Shortages 

for Min Q generally occur during the summer months. 
• B&E flows generally transition from originating in the Trinity River Basin to the San Jacinto 

River Basin as time passes and additional water is diverted to meet demands in the latter 
basin. 

• Removal of return flows from Region C were found to result in a 20 percent reduction in B&E 
discharges from the Trinity River which represents a substantial impact to the total volume of 
B&E flows.  Reductions in firm yield for six of seven key water rights were also caused by this 
elimination of upstream return flows. 

 
Revised Models for Increasing FTA 

• A methodology using the release of stored water was identified as the most effective means 
of increasing FTA while minimizing impacts to firm yield.  Two separate models were 
developed to increase the occurrence of meeting monthly Max H and Min Q-Sal targets at the 
desired level. 

• Although no reductions in firm yield were identified during the period of record, reductions in 
reservoir storage point to a reduced level of reliability in reservoir supply during unforeseen 
drought conditions and successive occurrences of the observed period of record. 

• The developed methodology approaches recommended targets as “minimum criteria” to be 
met, rather than a pattern of flows for an optimal level of estuary production.  Additional steps 
would be required to address target attainment from this perspective. 

 
Instream Flows 

• The predominant changes to instream flows are increases in flow due to new water sources 
such as IBTs and groundwater. 

• Reservoir and operations projects in the Brazos River Basin resulted in reductions in stream 
flow. 

• Field observations were made at a time when stream levels were at a rate near that of the 
calculated Lyons flows for each segment.  Despite this flow condition, there were no 
indications of impaired stream health at the observed locations. 
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July 2009
Appendix A-1

Brazos Basin Median Flows

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F

1 104,378 75,556 69,270 74,183 74,183 74,068 82,014 77,644 72,588 74,183 74,128 74,183 74,183 74,183 74,183 74,183 82,014 72,588 80,920 56,261

2 162,011 109,995 103,092 104,978 104,753 104,739 104,828 98,115 101,116 104,978 104,741 104,978 104,745 104,978 104,978 104,978 104,978 98,115 103,540 86,954

3 164,356 110,070 95,553 114,306 111,078 118,469 121,535 118,416 106,394 114,306 115,892 114,306 113,663 114,306 114,306 114,306 121,535 106,394 123,160 82,303

4 237,130 171,629 152,255 181,286 181,304 181,166 181,187 182,270 180,813 181,286 181,232 181,286 181,304 181,286 181,286 181,286 182,270 180,813 176,641 139,907

5 529,019 451,973 430,477 438,457 438,467 438,457 438,466 438,441 436,405 438,457 438,469 438,457 438,469 438,457 438,457 438,457 438,469 436,405 436,232 408,401

6 330,171 198,870 185,385 235,755 235,765 235,667 236,077 236,460 234,854 235,755 235,766 235,755 232,086 235,755 235,755 235,755 236,460 232,086 238,034 172,014

7 123,755 82,777 70,955 117,073 112,236 117,289 118,474 116,131 107,259 117,073 112,544 117,073 110,935 117,073 117,073 117,073 118,474 107,259 126,941 61,344

8 85,761 51,251 48,204 104,054 103,314 104,564 112,587 100,012 100,559 104,054 100,834 104,054 101,429 104,054 104,054 104,054 112,587 100,012 114,601 40,374

9 102,518 57,037 46,320 99,237 90,615 92,569 103,694 94,509 98,335 99,237 93,917 99,237 91,047 99,237 99,237 99,237 103,694 90,615 94,273 39,894

10 132,269 82,212 61,614 109,453 104,571 109,196 109,996 100,086 97,558 109,453 104,717 109,453 104,216 109,453 109,453 109,453 109,996 97,558 97,907 51,211

11 84,076 62,602 53,435 71,790 69,152 73,157 75,348 71,849 67,387 71,790 73,290 71,790 72,746 71,790 71,790 71,790 75,348 67,387 75,646 48,423

12 122,473 86,514 81,397 89,863 89,867 88,977 90,828 90,306 89,205 89,863 89,867 89,863 89,868 89,863 89,863 89,863 90,828 88,977 89,384 69,633

1 110,736 82,699 78,200 81,748 81,748 81,748 85,681 82,852 79,045 81,748 81,748 81,748 81,748 81,748 81,748 81,748 85,681 79,045 83,504 65,752

2 171,538 114,152 110,562 113,583 113,361 113,346 112,695 106,548 109,761 113,583 113,348 113,583 113,352 113,583 113,583 113,583 113,583 106,548 109,938 93,326

3 172,612 113,211 102,275 119,880 119,256 124,654 127,037 124,601 110,115 119,880 122,103 119,880 121,816 119,880 119,880 119,880 127,037 110,115 126,715 87,321

4 239,134 178,212 159,449 182,738 182,759 182,623 180,763 184,807 183,273 182,738 182,685 182,738 182,760 182,738 182,738 182,738 184,807 180,763 183,013 147,693

5 543,141 473,713 449,300 462,194 462,301 462,194 461,970 462,192 458,881 462,194 462,302 462,194 462,302 462,194 462,194 462,194 462,302 458,881 458,769 427,372

6 337,116 197,016 185,311 242,811 242,496 242,327 240,618 243,167 243,417 242,811 242,810 242,811 238,782 242,811 242,811 242,811 243,417 238,782 241,336 172,015

7 130,369 83,191 74,680 118,106 116,853 118,393 122,081 121,148 111,810 118,106 115,925 118,106 112,094 118,106 118,106 118,106 122,081 111,810 129,314 64,659

8 90,054 56,746 54,431 104,008 103,276 105,172 112,745 101,724 101,143 104,008 102,141 104,008 101,492 104,008 104,008 104,008 112,745 101,143 114,684 44,277

9 104,050 59,771 49,556 99,204 91,139 94,413 103,984 96,134 99,308 99,204 94,533 99,204 91,139 99,204 99,204 99,204 103,984 91,139 93,622 41,335

10 136,794 87,202 65,335 104,290 104,065 104,035 111,041 103,718 98,990 104,290 104,215 104,290 103,925 104,290 104,290 104,290 111,041 98,990 106,065 54,866

11 84,517 70,690 59,898 73,704 72,142 74,782 77,573 73,164 71,973 73,704 74,721 73,704 74,296 73,704 73,704 73,704 77,573 71,973 78,459 51,563

12 130,118 93,324 85,840 93,749 93,749 93,749 97,587 93,754 94,427 93,749 93,749 93,749 93,750 93,749 93,749 93,749 97,587 93,749 96,159 74,151

1 192,722 177,520 171,014 175,886 175,721 176,102 175,601 175,756 174,312 175,886 175,721 175,886 175,887 175,886 175,886 175,886 176,102 174,312 173,699 158,408

2 272,810 234,042 212,060 218,230 218,014 218,283 203,310 217,362 209,781 218,230 218,001 218,230 212,668 218,230 218,230 218,230 218,283 203,310 216,124 202,301

3 258,134 211,471 188,471 212,496 212,728 212,649 210,976 216,304 211,718 212,496 212,448 212,496 212,780 212,496 212,496 212,496 216,304 210,976 219,624 177,914

4 313,874 246,984 244,873 247,541 247,624 247,620 245,533 250,886 237,359 247,541 247,546 247,541 247,624 247,541 247,541 247,541 250,886 237,359 257,780 230,710

5 757,525 681,756 654,262 678,876 678,891 678,883 678,884 678,879 675,107 678,876 678,887 678,876 678,893 678,876 678,876 678,876 678,893 675,107 674,914 636,243

6 431,843 288,868 246,575 289,664 289,664 289,528 299,018 291,388 299,275 289,664 289,664 289,664 289,664 289,664 289,664 289,664 299,275 289,528 301,879 234,675

7 175,112 116,331 96,717 148,712 138,151 147,919 152,517 144,472 147,475 148,712 138,048 148,712 141,890 148,712 148,712 148,712 152,517 138,048 158,279 87,873

8 112,584 70,164 70,782 123,795 125,864 123,456 131,413 126,366 126,258 123,795 125,877 123,795 123,354 123,795 123,795 123,795 131,413 123,354 134,011 63,242

9 123,504 98,399 95,429 123,066 123,066 123,257 127,973 131,620 123,015 123,066 123,119 123,066 123,066 123,066 123,066 123,066 131,620 123,015 125,915 84,074

10 153,253 103,571 85,003 131,624 123,653 132,880 129,786 129,837 131,700 131,624 122,721 131,624 124,121 131,624 131,624 131,624 132,880 122,721 124,852 68,853

11 152,892 128,006 104,022 102,288 102,094 101,932 108,346 115,793 101,899 102,288 102,162 102,288 102,045 102,288 102,288 102,288 115,793 101,899 120,077 92,623

12 190,856 134,744 130,943 135,871 135,871 135,871 135,871 135,865 135,871 135,871 135,871 135,871 135,871 135,871 135,871 135,871 135,871 135,865 142,678 119,731

1 221,069 200,689 178,285 168,311 168,140 168,223 160,539 158,931 164,777 168,311 168,244 168,311 168,301 168,311 168,311 168,311 168,311 158,931 143,864 163,703

2 306,980 267,620 244,583 228,332 228,352 228,375 211,878 210,756 225,770 228,332 228,455 228,332 226,386 228,332 228,332 228,332 228,455 210,756 198,511 232,143

3 311,682 226,293 207,504 214,716 214,943 215,100 208,389 209,891 213,371 214,716 214,773 214,716 214,994 214,716 214,716 214,716 215,100 208,389 204,356 198,396

4 377,632 295,339 268,178 250,308 250,317 250,434 243,924 243,500 248,672 250,308 250,371 250,308 250,318 250,308 250,308 250,308 250,434 243,500 237,378 255,327

5 835,946 764,906 688,762 705,836 705,843 706,252 696,017 695,269 706,597 705,836 705,993 705,836 709,950 705,836 705,836 705,836 709,950 695,269 677,093 665,887

6 471,583 375,446 342,260 326,259 326,259 326,594 319,948 318,556 333,149 326,259 326,364 326,259 326,259 326,259 326,259 326,259 333,149 318,556 308,441 330,251

7 214,691 131,161 106,667 111,061 102,990 110,531 103,823 104,214 107,961 111,061 103,939 111,061 109,056 111,061 111,061 111,061 111,061 102,990 102,074 96,876

8 135,281 91,282 75,957 90,122 90,327 90,135 88,212 86,969 90,410 90,122 90,367 90,122 89,993 90,122 90,122 90,122 90,410 86,969 82,581 74,242

9 152,261 110,221 88,389 85,503 84,615 85,120 77,337 85,656 83,482 85,503 85,554 85,503 84,615 85,503 85,503 85,503 85,656 77,337 74,678 77,625

10 177,749 138,742 122,980 101,580 99,792 101,995 93,320 99,953 98,812 101,580 100,038 101,580 99,646 101,580 101,580 101,580 101,995 93,320 80,031 113,350

11 161,498 139,244 118,463 77,340 77,158 77,362 71,517 82,101 77,801 77,340 78,165 77,340 78,757 77,340 77,340 77,340 82,101 71,517 67,619 99,615

12 237,090 162,577 153,301 128,292 128,292 128,517 125,673 124,444 130,108 128,292 128,396 128,292 128,292 128,292 128,292 128,292 130,108 124,444 117,509 140,075

All Flows in Units of Acre-Feet
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July 2009
Appendix A-1

Brazos Basin Median Flows

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F
All Flows in Units of Acre-Feet

1 221,069 200,689 178,285 168,311 168,140 168,223 160,539 158,931 164,777 168,311 168,244 168,311 168,301 168,311 168,311 168,311 168,311 158,931 143,864 163,703

2 306,980 267,620 244,583 228,332 228,352 228,375 211,878 210,756 225,770 228,332 228,455 228,332 226,386 228,332 228,332 228,332 228,455 210,756 198,511 232,143

3 311,682 226,293 207,504 214,716 214,943 215,100 208,389 209,891 213,371 214,716 214,773 214,716 214,994 214,716 214,716 214,716 215,100 208,389 204,356 198,396

4 377,632 295,339 268,178 250,308 250,317 250,434 243,924 243,500 248,672 250,308 250,371 250,308 250,318 250,308 250,308 250,308 250,434 243,500 237,378 255,327

5 835,946 764,906 688,762 705,836 705,843 706,252 696,017 695,269 706,597 705,836 705,993 705,836 709,950 705,836 705,836 705,836 709,950 695,269 677,093 665,887

6 471,583 375,446 342,260 326,259 326,259 326,594 319,948 318,556 333,149 326,259 326,364 326,259 326,259 326,259 326,259 326,259 333,149 318,556 308,441 330,251

7 214,691 131,161 106,667 111,061 102,990 110,531 103,823 104,214 107,961 111,061 103,939 111,061 109,056 111,061 111,061 111,061 111,061 102,990 102,074 96,876

8 135,281 91,282 75,957 90,122 90,327 90,135 88,212 86,969 90,410 90,122 90,367 90,122 89,993 90,122 90,122 90,122 90,410 86,969 82,581 74,242

9 152,261 110,221 88,389 85,503 84,615 85,120 77,337 85,656 83,482 85,503 85,554 85,503 84,615 85,503 85,503 85,503 85,656 77,337 74,678 77,625

10 177,749 138,742 122,980 101,580 99,792 101,995 93,320 99,953 98,812 101,580 100,038 101,580 99,646 101,580 101,580 101,580 101,995 93,320 80,031 113,350

11 161,498 139,244 118,463 77,340 77,158 77,362 71,517 82,101 77,801 77,340 78,165 77,340 78,757 77,340 77,340 77,340 82,101 71,517 67,619 99,615

12 237,090 162,577 153,301 128,292 128,292 128,517 125,673 124,444 130,108 128,292 128,396 128,292 128,292 128,292 128,292 128,292 130,108 124,444 117,509 140,075

1 229,200 191,459 168,415 157,945 157,786 158,503 151,017 150,135 155,391 157,945 157,926 157,945 158,484 157,945 157,945 157,945 158,503 150,135 140,998 155,593

2 340,757 272,397 253,674 227,925 227,926 228,374 200,833 209,602 222,813 227,925 228,066 227,925 223,320 227,925 227,925 227,925 228,374 200,833 198,574 228,961

3 301,426 196,092 172,039 182,021 182,050 182,284 182,596 179,350 178,714 182,021 182,146 182,021 182,635 182,021 182,021 182,021 182,635 178,714 177,399 161,845

4 363,601 262,855 239,888 222,686 222,698 222,959 218,707 216,904 220,636 222,686 222,790 222,686 223,324 222,686 222,686 222,686 223,324 216,904 206,152 222,164

5 828,568 726,929 659,437 669,794 669,801 670,388 660,898 660,108 670,543 669,794 669,988 669,794 674,580 669,794 669,794 669,794 674,580 660,108 643,922 642,052

6 501,940 368,071 329,135 328,357 328,365 328,894 313,938 319,097 331,483 328,357 328,510 328,357 329,194 328,357 328,357 328,357 331,483 313,938 299,676 318,246

7 225,785 114,586 86,169 88,083 85,720 87,935 83,686 83,180 86,880 88,083 83,821 88,083 90,659 88,083 88,083 88,083 90,659 83,180 80,620 76,150

8 148,460 57,815 43,503 63,221 62,433 63,135 61,653 62,262 62,663 63,221 63,214 63,221 63,352 63,221 63,221 63,221 63,352 61,653 58,834 35,239

9 167,741 95,803 82,982 72,854 71,170 71,404 65,975 71,262 66,430 72,854 72,943 72,854 71,964 72,854 72,854 72,854 72,943 65,975 62,006 62,093

10 208,931 143,895 101,311 106,543 102,183 108,222 92,984 91,202 100,343 106,543 101,426 106,543 104,186 106,543 106,543 106,543 108,222 91,202 66,733 91,590

11 175,947 137,063 123,549 75,884 77,917 76,558 65,631 67,959 74,344 75,884 79,500 75,884 80,922 75,884 75,884 75,884 80,922 65,631 62,994 105,008

12 254,327 174,757 156,760 138,507 138,507 138,871 137,898 135,383 140,224 138,507 138,648 138,507 139,068 138,507 138,507 138,507 140,224 135,383 127,717 133,748

1 231,627 180,583 151,937 141,598 141,853 142,167 136,565 134,558 140,423 141,598 141,615 141,598 142,133 141,598 141,598 141,598 142,167 134,558 128,282 140,868

2 351,490 268,146 233,590 219,584 220,046 220,045 194,552 202,197 215,129 219,584 219,724 219,584 215,016 219,584 219,584 219,584 220,046 194,552 194,197 208,999

3 300,030 177,353 149,329 159,142 159,699 159,420 161,780 157,379 156,545 159,142 159,267 159,142 159,752 159,142 159,142 159,142 161,780 156,545 158,740 139,058

4 360,863 241,270 214,706 197,076 197,693 197,365 195,362 191,872 195,783 197,076 197,179 197,076 197,709 197,076 197,076 197,076 197,709 191,872 184,538 197,058

5 824,474 701,591 628,839 639,112 639,796 639,722 632,831 630,594 640,742 639,112 639,305 639,112 643,860 639,112 639,112 639,112 643,860 630,594 618,663 611,531

6 518,368 350,411 297,433 302,277 303,065 302,945 284,875 289,271 300,476 302,277 302,477 302,277 303,116 302,277 302,277 302,277 303,116 284,875 273,670 297,859

7 226,500 89,281 55,956 58,235 56,421 58,335 55,267 55,294 55,844 58,235 53,598 58,235 60,398 58,235 58,235 58,235 60,398 53,598 60,340 45,860

8 156,838 31,246 12,463 31,852 33,053 31,800 32,299 32,051 34,920 31,852 32,180 31,852 32,566 31,852 31,852 31,852 34,920 31,800 32,614 5,647

9 170,413 77,003 58,054 49,944 46,235 45,904 45,814 50,562 46,419 49,944 50,084 49,944 46,436 49,944 49,944 49,944 50,562 45,814 44,686 42,155

10 209,922 126,556 81,218 86,187 81,795 87,872 75,392 71,641 80,952 86,187 80,628 86,187 83,363 86,187 86,187 86,187 87,872 71,641 51,760 71,525

11 175,466 122,503 105,596 61,111 61,692 61,772 55,020 54,447 58,062 61,111 62,417 61,111 63,746 61,111 61,111 61,111 63,746 54,447 55,701 87,151

12 256,666 164,852 143,129 125,232 125,580 125,610 126,600 123,008 127,541 125,232 125,372 125,232 125,788 125,232 125,232 125,232 127,541 123,008 118,480 120,167

C
O

N
23

8
B

R
R

I7
0

53
28

01

Page 2



July 2009
Appendix A-2

San Jacinto-Brazos Basin

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1,357 1,134 3 436 172 3 271 3 3 3 3 3 3 3 3 436 3 873 3

2 0 1,394 1,164 2 430 191 2 283 2 2 2 2 2 2 2 2 430 2 900 2

3 0 1,516 1,263 0 463 210 0 312 0 0 0 0 0 0 0 0 463 0 991 0

4 0 1,649 1,372 0 495 232 0 343 0 0 0 0 0 0 0 0 495 0 1,083 0

5 0 1,709 1,420 0 579 264 0 381 0 0 0 0 0 0 0 0 579 0 1,237 0

6 0 1,905 1,581 0 650 294 0 408 0 0 0 0 0 0 0 0 650 0 1,379 0

7 0 2,036 1,689 0 738 315 0 442 0 0 0 0 0 0 0 0 738 0 1,531 0

8 0 2,292 1,905 0 698 300 0 299 0 0 0 0 0 0 0 0 698 0 1,329 0

9 0 2,219 1,851 0 633 251 0 434 0 0 0 0 0 0 0 0 633 0 1,327 0

10 0 2,068 1,723 0 563 196 0 395 0 0 0 0 0 0 0 0 563 0 1,165 0

11 0 1,892 1,578 2 482 176 2 363 2 2 2 2 2 2 2 2 482 2 1,020 2

12 0 1,605 1,339 3 452 166 3 313 3 3 3 3 3 3 3 3 452 3 927 3

1 0 1,852 1,544 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 70 0

2 0 1,903 1,588 0 0 2 0 0 0 0 0 0 0 0 0 0 2 0 58 0

3 0 2,069 1,727 0 0 275 0 0 0 0 0 0 0 0 0 0 275 0 569 0

4 0 2,241 1,873 0 0 133 0 0 0 0 0 0 0 0 0 0 133 0 443 0

5 0 2,307 1,932 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 96 0

6 0 2,551 2,145 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 2,722 2,291 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 283 0

8 0 3,079 2,591 0 0 156 0 0 0 0 0 0 0 0 0 0 156 0 426 0

9 0 3,018 2,528 0 0 135 0 0 0 0 0 0 0 0 0 0 135 0 489 0

10 0 2,819 2,362 0 0 500 0 89 0 0 0 0 0 7 0 0 500 0 831 0

11 0 2,579 2,158 0 0 194 0 7 0 0 3 0 0 5 0 0 194 0 501 0

12 0 2,193 1,829 1 0 7 1 5 1 1 3 1 1 4 1 1 7 0 221 1

All Flows in Units of Acre-Feet
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July 2009
Appendix A-2

San Jacinto-Brazos Basin

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F
All Flows in Units of Acre-Feet

1 78,865 42,580 41,291 40,841 40,841 40,851 40,841 40,841 40,841 40,841 40,841 40,841 41,469 40,841 40,841 40,841 41,469 40,841 41,478 40,841

2 74,584 52,236 51,408 50,951 50,951 50,961 50,951 50,951 50,951 50,951 50,951 50,951 51,718 50,951 50,951 50,951 51,718 50,951 51,729 50,951

3 53,752 18,570 17,822 17,333 17,333 17,343 17,333 17,333 17,333 17,333 17,333 17,333 18,212 17,333 17,333 17,333 18,212 17,333 18,222 17,333

4 58,104 25,002 23,491 22,959 22,959 22,974 22,959 22,959 22,959 22,959 22,959 22,959 23,967 22,959 22,959 22,959 23,967 22,959 23,982 22,959

5 78,740 42,848 41,489 40,944 40,944 40,957 40,944 40,944 40,944 40,944 40,944 40,944 42,070 40,944 40,944 40,944 42,070 40,944 42,083 40,944

6 102,152 53,804 52,140 51,530 51,530 51,545 51,530 51,530 51,530 51,530 51,530 51,530 52,813 51,530 51,530 51,530 52,813 51,530 52,828 51,530

7 72,680 36,494 34,982 34,337 34,337 34,353 34,337 34,337 34,337 34,337 34,337 34,337 35,686 34,337 34,337 34,337 35,686 34,337 35,703 34,337

8 55,605 27,801 26,618 25,915 25,915 25,929 25,915 25,915 25,915 25,915 25,915 25,915 27,203 25,915 25,915 25,915 27,203 25,915 27,217 25,915

9 76,893 38,204 36,943 36,268 36,268 36,283 36,268 36,268 36,268 36,268 36,268 36,268 37,243 36,268 36,268 36,268 37,243 36,268 37,257 36,268

10 60,372 11,571 11,129 10,494 10,494 10,506 10,494 10,494 10,494 10,494 10,494 10,494 11,188 10,494 10,494 10,494 11,188 10,494 11,200 10,494

11 58,717 23,303 22,381 21,794 21,794 21,801 21,791 21,791 21,791 21,794 21,794 21,794 22,407 21,794 21,794 21,794 22,407 21,791 22,417 21,794

12 63,739 37,574 36,771 36,261 36,261 36,271 36,261 36,261 36,261 36,261 36,261 36,261 36,837 36,261 36,261 36,261 36,837 36,261 36,848 36,261

1 32,630 25,278 24,170 18,573 19,006 18,761 18,573 18,841 18,573 18,573 18,573 18,573 18,573 18,573 18,573 18,573 19,006 18,573 19,463 18,574

2 30,859 28,569 27,429 21,684 22,111 21,916 21,684 21,964 21,684 21,684 21,684 21,684 21,684 21,684 21,684 21,684 22,111 21,684 22,766 21,684

3 22,240 15,173 13,930 7,684 8,142 8,185 7,684 7,991 7,684 7,684 7,684 7,684 7,684 7,684 7,684 7,684 8,185 7,684 9,261 7,684

4 24,040 18,784 17,427 10,628 11,124 10,970 10,628 10,972 10,628 10,628 10,628 10,628 10,628 10,628 10,628 10,628 11,124 10,628 12,135 10,628

5 32,578 26,304 24,905 17,882 18,456 18,168 17,882 18,259 17,882 17,882 17,882 17,882 17,882 17,882 17,882 17,882 18,456 17,882 19,212 17,882

6 42,265 31,926 30,379 22,546 23,192 22,866 22,546 22,950 22,546 22,546 22,546 22,546 22,546 22,546 22,546 22,546 23,192 22,546 23,952 22,547

7 30,071 25,384 23,726 15,337 16,079 15,956 15,337 15,783 15,337 15,337 15,337 15,337 15,337 15,356 15,337 15,337 16,079 15,337 17,473 15,337

8 23,006 23,070 21,217 11,764 12,461 12,374 11,764 12,062 11,764 11,764 11,764 11,764 11,764 11,764 11,764 11,764 12,461 11,764 13,673 11,764

9 31,814 25,437 23,633 15,829 16,460 16,113 15,829 16,262 15,829 15,829 15,829 15,829 15,829 15,829 15,829 15,829 16,460 15,829 17,492 15,829

10 24,979 14,973 13,284 4,751 5,310 5,454 4,751 5,217 4,751 4,751 4,751 4,751 4,751 4,751 4,751 4,751 5,454 4,751 6,754 4,751

11 24,294 18,909 17,362 9,559 10,039 9,977 9,559 9,920 9,559 9,559 9,559 9,559 9,559 9,559 9,559 9,559 10,039 9,559 11,128 9,562

12 26,372 23,387 22,070 15,458 15,908 15,642 15,458 15,769 15,458 15,458 15,458 15,458 15,458 15,458 15,458 15,458 15,908 15,458 16,539 15,460

1 490,392 180,605 148,413 120,618 120,995 121,217 115,734 113,161 119,586 120,618 120,758 120,618 121,152 120,618 120,618 120,618 121,217 113,161 106,949 136,329

2 569,103 267,776 230,091 198,692 199,152 199,181 173,785 181,392 194,259 198,692 198,831 198,692 194,146 198,692 198,692 198,692 199,181 173,785 173,463 204,220

3 580,836 176,672 145,835 134,468 135,023 134,779 137,093 132,714 131,885 134,468 134,592 134,468 135,075 134,468 134,468 134,468 137,093 131,885 134,103 134,065

4 646,934 240,306 211,211 170,298 170,913 170,622 168,450 165,110 169,012 170,298 170,401 170,298 170,928 170,298 170,298 170,298 170,928 165,110 157,717 192,036

5 1,089,161 698,572 623,361 607,734 608,414 608,384 601,484 599,258 609,355 607,734 607,926 607,734 612,459 607,734 607,734 607,734 612,459 599,258 587,429 604,348

6 775,098 348,804 293,571 270,589 271,374 271,302 253,167 257,648 268,690 270,589 270,788 270,589 271,424 270,589 270,589 270,589 271,424 253,167 242,066 292,325

7 321,444 88,956 53,104 24,966 23,166 25,121 24,189 22,044 22,587 24,966 20,357 24,966 27,120 24,966 24,966 24,966 27,120 20,357 28,153 41,308

8 182,223 31,870 10,239 2,169 1,902 1,397 1,032 1,466 5,676 2,169 1,902 2,169 1,902 2,169 2,169 2,169 5,676 1,032 2,605 3,594

9 251,542 77,914 55,399 20,615 16,920 16,795 16,486 21,927 17,326 20,615 20,754 20,615 17,119 20,615 20,615 20,615 21,927 16,486 15,424 38,509

10 384,135 126,058 78,490 58,979 54,539 60,696 48,294 44,491 53,826 58,979 53,377 58,979 56,099 58,979 58,979 58,979 60,696 44,491 24,821 66,941

11 332,852 122,062 102,603 38,454 38,981 39,086 33,000 32,430 34,401 38,454 38,735 38,454 40,017 38,454 38,454 38,454 40,017 32,430 33,440 82,561

12 481,520 164,623 139,914 104,082 104,428 104,490 105,452 101,868 106,389 104,082 104,221 104,082 104,635 104,082 104,082 104,082 106,389 101,868 97,396 115,549
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July 2009
Appendix A-3

San Jacinto Basin

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F

1 49,868 88,670 104,896 104,896 104,896 105,156 105,505 105,907 104,896 100,259 109,291 104,896 104,971 101,555 103,885 104,896 109,291 100,259 102,257 49,290

2 59,337 97,744 113,744 113,744 113,744 114,004 114,381 114,804 113,744 109,381 118,139 113,744 113,819 110,494 112,755 113,744 118,139 109,381 111,569 59,156

3 32,062 70,584 86,336 86,336 86,336 86,597 87,160 87,633 86,336 82,075 90,879 86,336 86,411 83,158 85,359 86,336 90,879 82,075 84,700 31,550

4 24,817 62,713 77,911 77,911 77,911 78,179 78,824 79,348 77,911 74,075 82,467 77,911 77,985 74,875 76,972 77,911 82,467 74,075 77,102 24,264

5 44,047 83,082 98,728 98,728 98,728 98,993 99,607 100,189 98,728 94,747 103,176 98,728 98,803 95,618 97,762 98,728 103,176 94,747 97,799 43,621

6 26,913 68,177 84,503 84,503 84,503 84,770 85,459 86,092 84,503 80,559 88,951 84,503 84,578 81,264 83,516 84,503 88,951 80,559 83,669 26,419

7 24,527 65,068 79,759 79,759 79,759 80,030 80,803 81,493 79,759 77,379 84,208 79,759 79,835 77,080 78,914 79,759 84,208 77,080 81,426 24,057

8 20,650 63,287 79,067 79,067 79,067 79,339 80,062 80,255 79,067 76,482 83,515 79,067 79,143 76,204 78,182 79,067 83,515 76,204 79,711 20,391

9 28,296 66,196 80,855 80,855 80,855 81,119 81,763 82,508 80,855 77,874 85,250 80,855 80,930 78,065 79,990 80,855 85,250 77,874 81,514 28,055

10 23,887 59,571 73,844 73,844 73,844 74,105 74,665 75,353 73,844 70,506 78,244 73,844 73,919 71,029 72,976 73,844 78,244 70,506 73,888 23,737

11 43,801 79,532 94,044 94,044 94,044 94,303 94,749 95,408 94,044 90,596 98,439 94,044 94,118 91,137 93,081 94,044 98,439 90,596 93,526 43,677

12 44,089 80,279 94,957 94,957 94,957 95,217 95,565 96,128 94,957 91,289 99,352 94,957 95,031 92,046 94,080 94,957 99,352 91,289 94,012 43,954

1 9,901 9,988 10,281 10,281 10,281 10,298 10,281 10,281 10,281 10,281 13,146 11,681 10,281 10,281 10,281 10,281 13,146 10,281 14,524 9,647

2 12,996 13,300 13,555 13,555 13,555 13,573 13,555 13,555 13,555 13,555 16,304 14,755 13,555 13,555 13,555 13,555 16,304 13,555 17,522 12,948

3 7,260 7,739 7,843 7,843 7,843 7,861 7,843 7,843 7,843 7,843 10,592 9,081 7,843 7,843 7,843 7,843 10,592 7,843 11,848 7,230

4 5,887 6,409 6,271 6,297 6,297 6,366 6,271 6,297 6,297 6,297 9,106 7,432 6,297 6,297 6,297 6,293 9,106 6,271 10,199 5,744

5 11,387 11,922 11,834 11,834 11,834 11,852 11,834 11,834 11,834 11,834 14,615 13,077 11,834 11,834 11,834 11,834 14,615 11,834 15,877 11,206

6 4,576 5,137 5,044 5,044 5,044 5,062 5,044 5,044 5,044 5,044 7,826 6,316 5,044 5,044 5,044 5,044 7,826 5,044 9,115 4,409

7 2,051 2,679 2,679 2,679 2,679 2,697 2,679 2,679 2,679 2,679 5,414 3,920 2,679 2,679 2,679 2,679 5,414 2,679 6,720 2,051

8 1,714 2,371 2,371 2,371 2,371 2,389 2,371 2,371 2,371 2,371 5,153 3,707 2,371 2,371 2,371 2,371 5,153 2,371 6,438 1,714

9 1,794 2,228 2,348 2,348 2,348 2,364 2,348 2,348 2,348 2,348 5,097 3,607 2,348 2,348 2,348 2,348 5,097 2,348 6,371 1,794

10 2,035 2,671 2,671 2,671 2,671 2,689 2,671 2,671 2,671 2,671 5,419 3,933 2,671 2,671 2,671 2,671 5,419 2,671 6,583 2,035

11 4,259 4,878 4,857 4,857 4,857 4,874 4,857 4,857 4,857 4,857 7,605 6,129 4,857 4,857 4,857 4,857 7,605 4,857 8,895 4,228

12 8,441 9,053 9,030 9,030 9,030 9,048 9,030 9,030 9,030 9,030 11,779 10,303 9,030 9,030 9,030 9,030 11,779 9,030 13,070 8,398

1 6,368 7,510 6,859 6,875 6,875 6,965 6,859 6,875 6,875 6,875 6,988 6,885 6,875 6,875 6,757 6,859 6,988 6,757 6,927 5,316

2 9,434 10,559 9,715 9,715 9,715 9,666 9,715 9,715 9,715 9,715 9,811 9,715 9,715 9,715 9,599 9,683 9,811 9,599 9,659 8,230

3 5,516 6,795 6,641 6,641 6,641 6,759 6,641 6,641 6,641 6,641 6,737 6,641 6,641 6,641 6,524 6,641 6,759 6,524 6,738 5,229

4 3,450 4,684 4,455 4,455 4,455 4,573 4,455 4,455 4,455 4,455 4,551 4,455 4,455 4,455 4,352 4,455 4,573 4,352 4,568 3,053

5 9,041 10,262 9,661 9,661 9,661 9,919 9,661 9,661 9,661 9,661 9,758 9,661 9,661 9,661 9,541 9,661 9,919 9,541 9,916 8,185

6 5,388 6,866 6,458 6,458 6,458 6,564 6,458 6,458 6,458 6,458 6,555 6,458 6,458 6,458 6,344 6,458 6,564 6,344 6,549 4,977

7 2,734 4,121 4,121 4,121 4,121 4,241 4,121 4,121 4,121 4,121 4,219 4,121 4,121 4,121 4,121 4,121 4,241 4,121 4,338 2,734

8 2,041 3,509 3,509 3,509 3,509 3,629 3,509 3,509 3,509 3,509 3,489 3,391 3,509 3,509 3,509 3,509 3,629 3,391 3,589 2,041

9 2,938 4,287 4,342 4,342 4,342 4,460 4,342 4,342 4,342 4,342 4,439 4,342 4,342 4,342 4,237 4,342 4,460 4,237 4,451 2,938

10 2,577 4,052 4,052 4,052 4,052 4,170 4,052 4,052 4,052 4,052 4,148 4,052 4,052 4,052 4,052 4,052 4,170 4,052 4,266 2,577

11 4,169 5,555 5,400 5,447 5,447 5,581 5,400 5,447 5,447 5,447 5,559 5,463 5,447 5,447 5,339 5,400 5,581 5,339 5,683 3,966

12 7,490 8,912 8,935 8,935 8,935 9,052 8,935 8,935 8,935 8,935 9,031 8,935 8,935 8,935 8,821 8,935 9,052 8,821 9,035 7,143

1 33,793 31,987 20,748 20,919 20,919 21,823 20,748 20,919 20,919 20,919 20,919 21,594 20,919 20,919 20,919 20,919 21,823 20,748 22,498 20,229

2 45,650 30,319 27,559 27,559 27,559 27,666 27,559 27,559 27,559 27,559 27,641 28,321 27,559 27,559 27,559 27,559 28,321 27,559 28,670 26,951

3 28,484 23,726 19,336 19,451 19,451 15,620 19,324 19,451 19,451 19,451 15,499 16,164 19,451 19,451 19,451 19,451 19,451 15,499 16,272 18,725

4 22,188 14,738 13,084 13,084 13,084 13,195 13,084 13,084 13,084 13,084 13,084 13,712 13,084 13,084 13,084 13,084 13,712 13,084 13,823 12,943

5 36,049 26,709 24,595 24,595 24,595 24,709 24,595 24,595 24,595 24,595 24,595 25,253 24,595 24,595 24,595 24,595 25,253 24,595 25,367 24,085

6 15,109 10,001 9,980 9,980 9,980 10,100 9,980 9,980 9,980 9,980 9,980 10,641 9,980 9,980 9,980 9,980 10,641 9,980 10,761 9,836

7 3,972 4,074 4,074 4,074 4,074 4,272 4,074 4,074 4,074 4,074 4,074 4,646 4,074 4,074 4,074 4,074 4,646 4,074 4,783 3,625

8 2,499 3,005 3,005 3,005 3,005 3,949 3,005 3,005 3,005 3,005 3,004 3,638 3,005 3,005 3,005 3,005 3,949 3,004 3,910 2,499

9 3,279 3,608 3,608 3,608 3,608 4,020 3,608 3,608 3,608 3,608 3,340 3,916 3,608 3,608 3,608 3,799 4,020 3,340 4,527 3,279

10 3,205 3,520 3,511 3,511 3,511 3,975 3,511 3,511 3,511 3,511 3,511 4,033 3,511 3,511 3,511 3,584 4,033 3,511 4,272 3,142

11 9,759 6,516 7,063 6,516 6,516 6,918 7,063 6,516 6,516 6,516 6,523 7,080 6,516 6,516 6,516 7,187 7,187 6,516 7,211 6,714

12 34,857 19,697 19,692 19,692 19,692 19,799 19,692 19,692 19,692 19,692 19,692 20,364 19,692 19,692 19,692 19,692 20,364 19,692 20,484 19,163

All Flows in Units of Acre-Feet
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July 2009
Appendix A-3

San Jacinto Basin

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F
All Flows in Units of Acre-Feet

1 8,409 8,173 8,168 8,168 8,168 8,244 8,168 8,168 8,168 8,168 8,168 8,168 8,168 8,168 8,168 8,168 8,244 8,168 8,244 8,168

2 8,367 8,162 8,157 8,157 8,157 8,233 8,157 8,157 8,157 8,157 8,157 8,157 8,157 8,157 8,157 8,157 8,233 8,157 8,233 8,157

3 5,852 5,529 5,529 5,529 5,529 5,606 5,529 5,529 5,529 5,529 5,517 5,517 5,529 5,529 5,529 5,529 5,606 5,517 5,594 5,529

4 4,009 3,529 3,518 3,518 3,518 3,595 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,595 3,518 3,595 3,518

5 9,993 9,165 9,147 9,147 9,147 9,225 9,147 9,147 9,147 9,147 9,147 9,147 9,147 9,147 9,147 9,147 9,225 9,147 9,225 9,147

6 3,701 2,834 2,814 2,814 2,814 2,894 2,814 2,814 2,814 2,814 2,814 2,814 2,814 2,814 2,814 2,814 2,894 2,814 2,894 3,129

7 1,383 1,245 1,259 1,245 1,245 1,327 1,259 1,245 1,245 1,245 1,197 1,197 1,245 1,245 1,245 1,245 1,327 1,197 1,113 1,383

8 903 903 903 903 903 986 903 903 903 903 877 877 903 903 903 903 986 877 948 903

9 1,167 1,167 1,167 1,167 1,167 1,245 1,167 1,167 1,167 1,167 1,159 1,159 1,167 1,167 1,167 1,167 1,245 1,159 1,237 1,167

10 1,196 1,196 1,196 1,196 1,196 1,206 1,196 1,196 1,196 1,196 1,130 1,130 1,196 1,196 1,196 1,196 1,206 1,130 988 1,196

11 2,895 2,728 2,724 2,696 2,696 2,771 2,724 2,696 2,696 2,696 2,696 2,696 2,696 2,696 2,696 2,724 2,771 2,696 2,771 2,724

12 7,352 7,142 7,137 7,137 7,137 7,214 7,137 7,137 7,137 7,137 7,137 7,137 7,137 7,137 7,137 7,137 7,214 7,137 7,214 7,137

1 112,486 77,309 66,080 66,139 66,139 66,494 66,053 66,139 66,139 66,139 69,010 68,772 66,139 66,139 66,016 62,598 69,010 62,598 69,177 60,455

2 114,359 83,511 82,741 81,926 81,926 84,163 83,081 81,926 81,926 81,926 86,645 86,263 81,926 81,926 81,811 75,800 86,645 75,800 86,948 70,633

3 72,904 52,374 49,790 49,711 49,711 50,182 49,826 49,711 49,711 49,711 52,593 52,253 49,711 49,711 49,596 47,014 52,593 47,014 52,793 45,982

4 51,972 27,856 27,705 27,769 27,769 28,125 27,496 27,769 27,769 27,769 30,641 30,055 27,769 27,769 27,666 25,072 30,641 25,072 30,481 24,085

5 129,289 102,007 95,623 95,998 95,998 96,525 95,451 95,998 95,998 95,998 98,925 98,528 95,998 95,998 95,880 93,268 98,925 93,268 99,129 91,781

6 52,304 23,345 21,877 22,507 22,507 22,997 21,585 22,507 22,507 22,507 25,424 25,073 22,507 22,507 22,394 19,777 25,424 19,777 25,637 18,003

7 19,839 0 0 0 0 0 0 0 0 0 574 109 0 0 0 0 574 0 693 0

8 12,417 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9 17,658 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10 16,056 0 0 0 0 0 0 0 0 0 1,954 1,505 0 0 0 0 1,954 0 2,045 0

11 37,681 18,042 19,380 18,967 18,967 19,431 19,408 18,967 18,967 18,967 21,849 21,409 18,967 18,967 18,859 13,694 21,849 13,694 21,950 12,853

12 95,079 62,674 62,425 65,526 65,526 67,858 62,425 65,526 65,526 65,526 70,536 70,224 65,526 65,526 65,412 59,727 70,536 59,727 70,764 58,706

1 145,953 164,191 177,569 177,192 177,192 177,887 178,364 178,204 177,192 172,779 184,496 179,759 177,267 173,781 176,059 176,112 184,496 172,779 179,520 114,242

2 177,467 189,198 202,336 202,297 202,297 203,676 202,992 203,356 202,297 198,157 209,708 204,805 202,372 199,047 201,188 201,216 209,708 198,157 205,682 140,104

3 126,978 146,864 162,931 163,010 163,010 163,749 163,614 164,198 163,010 158,984 170,414 165,552 163,085 159,720 161,918 161,931 170,414 158,984 166,184 100,503

4 83,463 99,146 113,919 114,293 114,293 115,036 114,538 115,610 114,293 110,703 121,698 116,579 114,368 111,258 113,250 113,214 121,698 110,703 118,160 52,722

5 185,394 207,405 203,283 203,548 203,548 204,182 204,088 205,008 203,548 199,821 211,030 206,078 203,623 200,327 202,464 202,456 211,030 199,821 207,488 140,165

6 84,573 103,356 120,322 121,031 121,031 121,793 120,951 122,620 121,031 117,363 128,524 123,597 121,106 117,792 119,929 119,939 128,524 117,363 125,374 53,875

7 45,096 73,008 89,101 89,101 89,101 89,380 90,145 90,835 89,101 87,059 93,843 89,101 89,177 86,423 88,256 90,739 93,843 86,423 93,170 28,257

8 39,506 68,819 86,057 86,057 86,057 86,336 87,051 87,245 86,057 83,822 90,633 86,057 86,132 83,193 85,171 87,695 90,633 83,193 88,825 22,020

9 47,743 71,851 87,670 87,670 87,670 87,940 88,577 89,323 87,670 84,965 94,117 89,154 87,744 84,879 86,805 89,288 94,117 84,879 92,404 30,557

10 41,955 65,638 80,840 80,829 80,829 81,225 81,650 82,338 80,829 77,724 87,896 82,921 80,904 78,014 79,961 82,160 87,896 77,724 85,580 26,662

11 80,007 94,524 109,857 110,521 110,521 111,283 110,602 111,886 110,521 107,291 117,963 113,001 110,596 107,508 109,451 108,784 117,963 107,291 115,046 53,237

12 152,567 160,275 172,583 172,826 172,826 173,562 172,911 174,002 172,826 169,388 180,242 175,396 172,901 169,915 171,840 165,101 180,242 165,101 177,009 107,672
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July 2009
Appendix A-4

Trinity-San Jacinto Basin

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F

1 2,727 2,049 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407 1,407

2 3,131 2,685 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470 2,470

3 1,842 1,432 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284 1,284

4 1,850 1,206 681 681 681 681 681 681 681 681 681 681 681 681 681 681 681 681 681 681

5 2,957 2,027 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358 1,358

6 1,903 908 244 244 244 244 244 244 244 244 244 244 244 244 244 244 244 244 244 244

7 1,053 393 65 65 65 65 65 65 65 65 65 65 65 65 65 65 65 65 65 65

8 614 200 43 43 43 43 43 43 43 43 43 43 43 43 43 43 43 43 43 43

9 626 336 161 161 161 161 161 161 161 161 161 161 161 161 161 161 161 161 161 161

10 644 393 360 360 360 360 360 360 360 360 360 360 360 360 360 360 360 360 360 360

11 1,052 1,026 911 911 911 911 911 911 911 911 911 911 911 911 911 911 911 911 911 911

12 2,572 2,111 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021 2,021

1 8,476 8,759 6,923 6,923 6,923 6,986 6,923 6,923 6,923 6,923 6,923 6,923 6,923 6,923 6,923 6,923 6,986 6,923 6,986 5,867

2 9,734 10,135 9,423 9,423 9,423 9,536 9,423 9,423 9,423 9,423 9,423 9,423 9,423 9,423 9,423 9,423 9,536 9,423 9,536 8,391

3 5,725 6,184 5,570 5,570 5,570 5,639 5,570 5,570 5,570 5,570 5,570 5,570 5,570 5,570 5,570 5,570 5,639 5,570 5,639 4,551

4 5,751 5,618 4,829 4,829 4,829 4,896 4,829 4,829 4,829 4,829 4,829 4,829 4,829 4,829 4,829 4,829 4,896 4,829 4,896 3,823

5 9,192 8,576 7,570 7,570 7,570 7,653 7,570 7,570 7,570 7,570 7,570 7,570 7,570 7,570 7,570 7,570 7,653 7,570 7,653 6,526

6 5,916 5,153 4,348 4,348 4,348 4,410 4,348 4,348 4,348 4,348 4,348 4,348 4,348 4,348 4,348 4,348 4,410 4,348 4,410 3,292

7 3,273 2,936 2,705 2,705 2,705 2,832 2,705 2,705 2,705 2,705 2,705 2,705 2,705 2,705 2,705 2,705 2,832 2,705 2,832 1,674

8 1,907 2,220 2,153 2,153 2,153 2,266 2,153 2,153 2,153 2,153 2,153 2,153 2,153 2,153 2,153 2,153 2,266 2,153 2,266 1,134

9 1,945 2,539 2,554 2,554 2,554 2,631 2,554 2,554 2,554 2,554 2,554 2,554 2,554 2,554 2,554 2,554 2,631 2,554 2,631 1,535

10 2,003 2,593 2,277 2,277 2,277 2,348 2,277 2,277 2,277 2,277 2,277 2,277 2,277 2,277 2,277 2,277 2,348 2,277 2,348 1,307

11 3,270 4,246 4,262 4,262 4,262 4,327 4,262 4,262 4,262 4,262 4,262 4,262 4,262 4,262 4,262 4,262 4,327 4,262 4,327 3,243

12 7,995 8,953 8,970 8,970 8,970 9,038 8,970 8,970 8,970 8,970 8,970 8,970 8,970 8,970 8,970 8,970 9,038 8,970 9,038 7,963

1 10,378 11,223 9,386 9,386 9,386 9,453 9,386 9,386 9,386 9,386 9,386 9,386 9,386 9,386 9,386 9,386 9,453 9,386 9,453 7,870

2 11,918 12,768 12,056 12,056 12,056 12,172 12,056 12,056 12,056 12,056 12,056 12,056 12,056 12,056 12,056 12,056 12,172 12,056 12,172 10,576

3 7,010 8,102 7,459 7,459 7,459 7,520 7,459 7,459 7,459 7,459 7,459 7,459 7,459 7,459 7,459 7,459 7,520 7,459 7,520 5,996

4 7,041 7,347 6,558 6,558 6,558 6,629 6,558 6,558 6,558 6,558 6,558 6,558 6,558 6,558 6,558 6,558 6,629 6,558 6,629 5,113

5 11,254 11,093 10,087 10,087 10,087 10,174 10,087 10,087 10,087 10,087 10,087 10,087 10,087 10,087 10,087 10,087 10,174 10,087 10,174 8,589

6 7,244 6,924 6,119 6,119 6,119 6,207 6,119 6,119 6,119 6,119 6,119 6,119 6,119 6,119 6,119 6,119 6,207 6,119 6,207 4,604

7 4,008 4,120 3,889 3,889 3,889 4,020 3,889 3,889 3,889 3,889 3,889 3,889 3,889 3,889 3,889 3,889 4,020 3,889 4,020 2,408

8 2,335 3,091 3,024 3,024 3,024 3,142 3,024 3,024 3,024 3,024 3,024 3,024 3,024 3,024 3,024 3,024 3,142 3,024 3,142 1,562

9 2,381 3,430 3,415 3,415 3,415 3,496 3,415 3,415 3,415 3,415 3,415 3,415 3,415 3,415 3,415 3,415 3,496 3,415 3,496 1,952

10 2,452 3,465 3,149 3,149 3,149 3,223 3,149 3,149 3,149 3,149 3,149 3,149 3,149 3,149 3,149 3,149 3,223 3,149 3,223 1,756

11 4,004 5,424 5,440 5,440 5,440 5,508 5,440 5,440 5,440 5,440 5,440 5,440 5,440 5,440 5,440 5,440 5,508 5,440 5,508 3,977

12 9,789 11,185 11,202 11,202 11,202 11,273 11,202 11,202 11,202 11,202 11,202 11,202 11,202 11,202 11,202 11,202 11,273 11,202 11,273 9,757

All Flows in Units of Acre-Feet
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July 2009
Appendix A-5
Trinity Basin

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F

1 247,355 177,903 182,458 228,052 228,052 228,093 228,052 228,052 228,052 228,052 228,052 228,052 228,052 228,052 228,052 228,052 228,093 228,052 228,093 134,150

2 353,959 196,448 174,335 271,077 271,077 271,115 271,077 271,077 271,077 271,077 271,077 271,077 271,077 271,077 271,077 271,077 271,115 271,077 271,116 139,796

3 365,771 244,526 247,173 325,032 325,032 325,071 325,034 325,032 325,032 325,032 325,032 325,032 325,032 325,032 325,032 325,032 325,071 325,032 325,072 216,974

4 349,537 257,191 241,580 304,482 304,482 304,525 304,482 304,482 304,482 304,482 304,482 304,482 304,482 304,482 304,482 304,482 304,525 304,482 304,525 182,962

5 645,902 487,123 455,727 605,216 605,216 605,265 605,261 605,216 605,216 605,216 605,216 605,216 605,216 605,216 605,216 605,216 605,265 605,216 605,310 405,035

6 370,174 287,564 273,194 324,563 324,563 324,621 324,563 324,563 324,563 324,563 324,563 324,563 324,563 324,563 324,563 324,563 324,621 324,563 324,621 242,674

7 116,521 89,498 94,601 138,162 138,162 138,236 138,213 138,162 138,162 138,162 138,162 138,162 138,162 138,162 138,162 138,162 138,236 138,162 138,288 60,112

8 38,896 54,997 57,564 96,402 96,402 96,490 96,402 96,402 96,402 96,402 96,402 96,402 96,402 96,402 96,402 96,402 96,490 96,402 96,490 25,512

9 72,931 60,690 64,948 109,696 109,696 109,752 109,696 109,696 109,696 109,696 109,696 109,696 109,696 109,696 109,696 109,696 109,752 109,696 109,752 29,638

10 141,153 94,290 94,724 134,561 134,561 134,611 134,561 134,561 134,561 134,561 134,561 134,561 134,561 134,561 134,561 134,561 134,611 134,561 134,611 57,072

11 135,787 108,976 110,991 151,694 151,694 151,728 151,694 151,694 151,694 151,694 151,694 151,694 151,694 151,694 151,694 151,694 151,728 151,694 151,728 71,090

12 225,435 166,040 167,520 209,624 209,624 209,661 209,624 209,624 209,624 209,624 209,624 209,624 209,624 209,624 209,624 209,624 209,661 209,624 209,661 126,550

1 265,375 203,114 210,384 272,029 272,029 272,181 272,029 272,029 272,029 272,029 272,029 272,029 272,029 272,029 272,029 272,029 272,181 272,029 272,181 156,797

2 378,696 257,445 258,102 333,160 333,160 333,301 333,160 333,160 333,160 333,160 333,160 333,160 333,160 333,160 333,160 333,160 333,301 333,160 333,301 215,671

3 410,309 288,713 304,601 353,633 353,633 353,774 353,634 353,633 353,633 353,633 353,633 353,633 353,633 353,633 353,633 353,633 353,774 353,633 353,775 256,842

4 430,469 313,557 287,504 385,295 385,295 385,458 385,370 385,295 385,295 385,295 385,295 385,295 385,295 385,295 385,295 385,295 385,458 385,295 385,532 263,414

5 701,026 581,356 536,960 665,044 665,044 665,227 665,046 665,044 665,044 665,044 665,044 665,044 665,044 665,044 665,044 665,044 665,227 665,044 665,228 511,308

6 391,902 298,629 290,319 341,538 341,538 341,961 341,548 341,538 341,538 341,538 341,538 341,538 341,538 341,538 341,538 341,538 341,961 341,538 341,971 252,544

7 136,951 102,522 102,523 148,656 148,656 148,934 148,657 148,656 148,656 148,656 148,656 148,656 148,656 148,656 148,656 148,656 148,934 148,656 148,936 75,019

8 41,455 58,089 58,722 96,133 96,133 96,426 96,133 96,133 96,133 96,133 96,133 96,133 96,133 96,133 96,133 96,133 96,426 96,133 96,426 29,866

9 77,594 67,144 70,948 113,176 113,176 113,385 113,176 113,176 113,176 113,176 113,176 113,176 113,176 113,176 113,176 113,176 113,385 113,176 113,385 39,289

10 145,051 106,745 114,971 149,806 149,806 149,991 149,812 149,806 149,806 149,806 149,806 149,806 149,806 149,806 149,806 149,806 149,991 149,806 149,996 71,097

11 159,026 134,307 146,561 180,096 180,096 180,243 180,096 180,096 180,096 180,096 180,096 180,096 180,096 180,096 180,096 180,096 180,243 180,096 180,243 107,685

12 256,825 207,006 216,979 251,418 251,418 250,898 251,418 251,418 251,418 251,418 251,418 251,418 251,418 251,418 251,418 251,418 251,418 250,898 250,898 175,184

1 343,792 253,950 199,858 288,938 288,938 289,183 288,939 288,938 288,938 288,938 299,125 292,354 288,938 288,938 288,938 288,938 299,125 288,938 302,787 85,922

2 515,998 360,465 323,754 392,313 392,313 392,551 392,314 392,313 392,313 392,313 401,828 395,527 392,313 392,313 392,313 392,313 401,828 392,313 405,281 176,373

3 462,033 376,006 360,336 396,258 396,258 396,502 396,258 396,258 396,258 396,258 405,360 399,544 396,258 396,258 396,258 396,258 405,360 396,258 408,891 251,702

4 514,811 354,426 317,664 390,435 390,435 390,703 390,475 390,435 390,435 390,435 401,874 393,955 390,435 390,435 390,435 390,435 401,874 390,435 405,702 244,957

5 800,313 670,465 594,075 691,548 691,548 691,853 691,842 691,548 691,548 691,548 704,163 695,621 691,548 691,548 691,548 691,548 704,163 691,548 708,835 445,977

6 466,608 319,411 245,929 320,920 320,920 321,277 320,921 320,920 320,920 320,920 335,612 325,844 320,920 320,920 320,920 320,920 335,612 320,920 340,895 204,055

7 163,123 112,491 164,207 164,250 164,250 163,484 164,250 164,250 164,250 164,250 182,259 168,207 164,250 164,250 164,250 164,250 182,259 163,484 187,319 161,987

8 45,702 105,615 158,630 158,468 158,468 157,701 158,468 158,468 158,468 158,468 161,918 161,443 158,468 158,468 158,468 158,468 161,918 157,701 161,151 151,278

9 87,593 82,721 112,461 112,722 112,722 112,145 112,722 112,722 112,722 112,722 113,420 113,115 112,722 112,722 112,722 112,722 113,420 112,145 112,832 109,779

10 125,283 74,585 92,958 92,991 92,991 92,473 92,991 92,991 92,991 92,991 93,413 93,232 92,991 92,991 92,991 92,991 93,413 92,473 92,895 90,339

11 205,788 116,936 70,081 80,851 80,851 84,087 80,851 80,851 80,851 80,851 90,671 86,496 80,851 80,851 80,851 80,851 90,671 80,851 97,218 69,681

12 331,753 250,521 109,904 233,973 233,973 234,207 233,974 233,973 233,973 233,973 242,617 237,085 233,973 233,973 233,973 233,973 242,617 233,973 245,965 65,643

1 354,568 274,737 220,631 297,265 297,265 297,543 297,266 297,265 297,265 297,265 280,099 280,099 297,265 297,265 297,265 297,265 297,543 280,099 280,378 103,860

2 518,717 388,868 325,759 419,337 419,337 419,753 419,337 419,337 419,337 419,337 403,111 403,111 419,337 419,337 419,337 419,337 419,753 403,111 403,526 180,555

3 468,300 397,283 363,559 417,660 417,660 418,054 417,728 417,660 417,660 417,660 400,395 400,395 417,660 417,660 417,660 417,660 418,054 400,395 400,856 259,405

4 544,885 362,380 334,450 398,317 398,317 398,777 398,357 398,317 398,317 398,317 381,645 381,645 398,317 398,317 398,317 398,317 398,777 381,645 382,146 286,004

5 822,729 707,419 598,602 695,887 695,887 696,415 696,181 695,887 695,887 695,887 675,926 675,926 695,887 695,887 695,887 695,887 696,415 675,926 676,747 465,820

6 475,007 327,847 282,084 353,260 353,260 354,690 353,391 353,260 353,260 353,260 328,525 328,525 353,260 353,260 353,260 353,260 354,690 328,525 330,086 239,685

7 184,553 124,757 165,932 165,420 165,420 164,979 165,420 165,420 165,420 165,420 135,343 135,343 165,420 165,420 165,420 165,420 165,420 135,343 134,901 165,096

8 51,176 107,355 162,577 161,610 161,610 161,173 161,610 161,610 161,610 161,610 132,200 132,200 161,610 161,610 161,610 161,610 161,610 132,200 131,763 156,650

9 98,060 84,298 114,406 114,308 114,308 113,978 114,308 114,308 114,308 114,308 91,626 91,626 114,308 114,308 114,308 114,308 114,308 91,626 91,296 113,586

10 137,193 76,343 93,816 93,738 93,738 93,449 93,738 93,738 93,738 93,738 73,604 73,604 93,738 93,738 93,738 93,738 93,738 73,604 73,315 93,028

11 215,315 122,347 71,493 94,771 94,771 95,212 94,772 94,771 94,771 94,771 78,075 78,075 94,771 94,771 94,771 94,771 95,212 78,075 78,517 70,816

12 346,948 259,416 136,475 242,000 242,000 242,417 242,001 242,000 242,000 242,000 225,675 225,675 242,000 242,000 242,000 242,000 242,417 225,675 226,093 76,680

All Flows in Units of Acre-Feet
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July 2009
Appendix A-5
Trinity Basin

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F
All Flows in Units of Acre-Feet

1 358,240 253,624 149,140 226,705 226,705 227,212 226,706 226,705 226,705 226,705 226,705 226,705 226,705 226,705 226,705 226,705 227,212 226,705 227,212 51,638

2 519,778 357,907 257,878 361,359 361,359 361,988 361,391 361,359 361,359 361,359 361,359 361,359 361,359 361,359 361,359 361,359 361,988 361,359 362,020 117,030

3 470,746 358,879 293,548 348,784 348,784 349,382 348,852 348,784 348,784 348,784 348,784 348,784 348,784 348,784 348,784 348,784 349,382 348,784 349,450 189,712

4 550,295 320,478 257,171 320,971 320,971 321,689 321,012 320,971 320,971 320,971 320,971 320,971 320,971 320,971 320,971 320,971 321,689 320,971 321,729 208,814

5 831,481 655,757 505,788 603,007 603,007 603,817 603,301 603,007 603,007 603,007 603,007 603,007 603,007 603,007 603,007 603,007 603,817 603,007 604,111 378,906

6 482,060 270,134 181,861 245,222 245,222 246,980 245,353 245,222 245,222 245,222 245,222 245,222 245,222 245,222 245,222 245,222 246,980 245,222 247,111 140,333

7 184,826 48,230 18,011 15,829 15,829 15,829 15,829 15,829 15,829 15,829 15,829 15,829 15,829 15,829 15,829 15,829 15,829 15,829 15,829 16,210

8 53,593 25,688 15,754 15,089 15,089 15,088 15,089 15,089 15,089 15,089 15,089 15,089 15,089 15,089 15,089 15,089 15,089 15,088 15,088 14,609

9 98,954 24,470 8,171 7,840 7,840 7,839 7,840 7,840 7,840 7,840 7,840 7,840 7,840 7,840 7,840 7,840 7,840 7,839 7,839 7,987

10 139,507 25,937 3,194 2,900 2,900 2,899 2,900 2,900 2,900 2,900 2,900 2,900 2,900 2,900 2,900 2,900 2,900 2,899 2,899 3,461

11 217,588 83,888 3,106 25,213 25,213 25,874 25,214 25,213 25,213 25,213 25,213 25,213 25,213 25,213 25,213 25,213 25,874 25,213 25,875 2,774

12 355,621 237,642 81,802 180,054 180,054 180,665 180,055 180,054 180,054 180,054 180,054 180,054 180,054 180,054 180,054 180,054 180,665 180,054 180,666 14,001

1 365,784 264,884 150,864 229,396 229,396 229,903 229,397 229,396 229,396 229,396 229,396 229,396 229,396 229,396 229,396 229,396 229,903 229,396 229,904 60,344

2 542,859 370,475 257,613 376,859 376,859 377,481 376,859 376,859 376,859 376,859 376,859 376,859 376,859 376,859 376,859 376,859 377,481 376,859 377,482 119,120

3 475,774 361,279 291,853 348,320 348,320 348,918 348,387 348,320 348,320 348,320 348,320 348,320 348,320 348,320 348,320 348,320 348,918 348,320 348,986 188,424

4 561,410 321,921 256,016 319,816 319,816 320,533 319,856 319,816 319,816 319,816 319,816 319,816 319,816 319,816 319,816 319,816 320,533 319,816 320,574 207,659

5 849,466 651,610 500,246 597,465 597,465 598,275 597,759 597,465 597,465 597,465 597,465 597,465 597,465 597,465 597,465 597,465 598,275 597,465 598,569 383,128

6 498,158 305,608 204,411 254,507 254,507 255,467 254,506 254,507 254,507 254,507 254,507 254,507 254,507 254,507 254,507 254,507 255,467 254,506 255,468 167,848

7 191,939 36,241 3,684 1,531 1,531 1,534 1,531 1,531 1,531 1,531 1,531 1,531 1,531 1,531 1,531 1,531 1,534 1,531 1,534 1,286

8 58,559 12,444 772 375 375 375 375 375 375 375 375 375 375 375 375 375 375 375 375 706

9 100,791 18,999 903 464 464 464 464 464 464 464 464 464 464 464 464 464 464 464 464 739

10 144,262 26,435 2,356 440 440 440 440 440 440 440 440 440 440 440 440 440 440 440 440 680

11 224,396 88,682 9,786 37,705 37,705 37,942 37,705 37,705 37,705 37,705 37,705 37,705 37,705 37,705 37,705 37,705 37,942 37,705 37,942 7,041

12 384,938 269,987 91,709 181,228 181,228 181,839 181,259 181,228 181,228 181,228 181,228 181,228 181,228 181,228 181,228 181,228 181,839 181,228 181,870 16,162
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July 2009
Appendix A-6

Neches-Trinity Basin

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F

1 1,434 1,405 847 847 847 847 847 847 847 847 847 847 847 847 847 847 847 847 847 847

2 940 898 773 773 773 773 773 773 773 773 773 773 773 773 773 773 773 773 773 773

3 616 566 542 542 542 542 542 542 542 542 542 542 542 542 542 542 542 542 542 542

4 1,644 1,467 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389 1,389

5 1,661 1,424 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322 1,322

6 2,616 2,306 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007 2,007

7 1,768 1,414 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394 1,394

8 1,295 1,154 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275 1,275

9 2,596 2,537 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596 2,596

10 1,408 1,359 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408 1,408

11 1,154 1,108 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154 1,154

12 1,736 1,709 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736 1,736

1 4,775 4,578 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971 3,971

2 3,131 2,925 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650 2,650

3 2,050 1,788 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707 1,707

4 5,473 4,578 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307 4,307

5 5,531 4,343 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151 4,151

6 8,708 7,222 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835 6,835

7 5,885 4,651 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555 4,555

8 4,311 3,484 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518 3,518

9 8,643 8,328 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317 8,317

10 4,688 4,469 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476 4,476

11 3,842 3,614 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612 3,612

12 5,779 5,644 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642 5,642

1 6,175 5,207 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409 4,409

2 4,050 3,212 3,133 3,133 3,133 3,134 3,133 3,133 3,133 3,133 3,133 3,133 3,133 3,133 3,133 3,133 3,134 3,133 3,134 3,133

3 2,922 1,878 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804 1,804

4 5,523 2,201 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954 1,954

5 6,772 2,324 1,919 1,919 1,919 1,920 1,919 1,919 1,919 1,919 1,919 1,919 1,919 1,919 1,919 1,919 1,920 1,919 1,920 1,919

6 8,931 3,576 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100

7 6,908 2,209 1,965 1,965 1,965 1,966 1,965 1,965 1,965 1,965 1,965 1,965 1,965 1,965 1,965 1,965 1,966 1,965 1,966 1,965

8 5,273 2,815 2,532 2,532 2,532 2,533 2,532 2,532 2,532 2,532 2,532 2,532 2,532 2,532 2,532 2,532 2,533 2,532 2,533 2,532

9 10,360 8,996 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961 8,961

10 5,224 4,061 4,051 4,051 4,051 4,052 4,051 4,051 4,051 4,051 4,051 4,051 4,051 4,051 4,051 4,051 4,052 4,051 4,052 4,051

11 4,918 4,046 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004 4,004

12 7,001 6,333 6,352 6,352 6,352 6,353 6,352 6,352 6,352 6,352 6,352 6,352 6,352 6,352 6,352 6,352 6,353 6,352 6,353 6,352

1 16,084 13,874 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699 11,699

2 10,549 8,956 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375 8,375

3 7,611 5,761 5,258 5,258 5,258 5,259 5,258 5,258 5,258 5,258 5,258 5,258 5,258 5,258 5,258 5,258 5,259 5,258 5,259 5,258

4 14,385 9,646 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152 9,152

5 17,639 11,472 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684 10,684

6 23,263 14,917 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331 14,331

7 17,994 11,702 11,614 11,614 11,614 11,615 11,614 11,614 11,614 11,614 11,614 11,614 11,614 11,614 11,614 11,614 11,615 11,614 11,615 11,614

8 13,735 10,665 10,552 10,552 10,552 10,553 10,552 10,552 10,552 10,552 10,552 10,552 10,552 10,552 10,552 10,552 10,553 10,552 10,553 10,552

9 26,986 25,132 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090 25,090

10 13,608 11,435 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643 11,643

11 12,811 11,458 11,415 11,415 11,415 11,416 11,415 11,415 11,415 11,415 11,415 11,415 11,415 11,415 11,415 11,415 11,416 11,415 11,416 11,415

12 18,235 17,040 17,086 17,086 17,086 17,087 17,086 17,086 17,086 17,086 17,086 17,086 17,086 17,086 17,086 17,086 17,087 17,086 17,087 17,086

All Flows in Units of Acre-Feet
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July 2009
Appendix A-6

Neches-Trinity Basin

CP Month A B C D0 D3 D4 D7 D8 D9 D11 D12 D13 D14 D15 D16 D17 DMAX DMIN E F
All Flows in Units of Acre-Feet

1 8,902 8,296 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446 6,446

2 5,676 5,184 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714 4,714

3 4,255 3,704 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316 3,316

4 9,502 7,839 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178 7,178

5 11,414 8,835 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819 7,819

6 10,996 7,731 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659 6,659

7 7,267 5,349 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369 4,369

8 5,899 4,811 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344 4,344

9 11,063 10,087 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503 10,503

10 7,963 6,950 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968 6,968

11 7,844 7,328 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484 7,484

12 9,276 8,635 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996 8,996
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July 2009
Appendix B-1

Critical Segment 10th Percentile Flows

Strategy 532801 CON238 BRRI70 BRRI7D 100441 13331 101731 10441 D37 7NTTB D4296A 7NTEB A5191P SPSP 1009 1004 A3979A A4964A SRGB 8TRMI 8TRRI 8TRRO 802 B4261B 9CBCR 901
D0 41,101 23,721 55,925 55,925 0 0 0 0 27 139 0 561 59,845 1,461 1,996 2,082 559 0 65,550 86,138 89,543 70,893 74,146 1,737 13 1,350
D3 40,776 23,736 55,518 55,518 0 0 434 0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
D4 41,411 23,692 56,073 56,073 0 0 169 0 27 139 0 561 60,069 1,474 2,100 2,937 640 0 66,000 86,197 89,760 70,792 74,143 1,737 13 1,422
D7 39,246 23,784 54,684 54,684 0 0 0 0 NA NA NA NA 60,601 1,461 2,004 2,082 559 0 66,330 86,138 89,543 70,893 74,146 1,737 NA NA
D8 40,027 23,390 54,918 54,918 0 0 280 0 NA NA NA NA 61,175 1,461 1,996 2,082 559 0 66,977 NA NA NA NA NA NA NA
D9 40,592 23,714 55,028 55,028 0 0 0 0 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
D11 NA NA NA NA NA NA NA NA NA NA NA NA 56,482 1,461 1,996 2,082 559 0 62,338 NA NA NA NA NA NA NA
D12 41,168 23,738 56,140 56,140 0 0 0 0 NA NA NA NA 64,199 4,223 2,082 2,032 558 0 70,502 86,138 89,543 79,476 56,995 1,737 NA NA
D13 NA NA NA NA NA NA NA NA NA NA NA NA 59,845 2,736 1,993 2,662 558 0 66,085 86,138 89,543 77,072 56,995 1,737 NA NA
D14 41,219 23,786 55,324 55,324 0 0 0 0 NA NA NA NA 59,920 1,461 1,996 2,082 559 0 65,626 NA NA NA NA NA NA NA
D15 41,101 23,721 55,925 55,925 0 0 0 0 NA NA NA NA 56,863 1,461 1,996 2,082 559 0 62,568 NA NA NA NA NA NA NA
D16 NA NA NA NA NA NA NA NA NA NA NA NA 59,039 1,461 1,992 2,082 559 0 64,871 NA NA NA NA NA NA NA
D17 NA NA NA NA NA NA NA NA NA NA NA NA 59,845 1,461 1,996 2,082 559 0 66,973 NA NA NA NA NA NA NA
E 37,835 24,070 136,730 136,730 0 0 896 0 27 139 0 561 59,370 5,522 2,154 3,307 600 0 67,785 86,197 89,761 80,893 56,977 1,737 13 1,422

Strategy 532801 CON238 BRRI70 BRRI7D 100441 13331 101731 10441 D37 7NTTB D4296A 7NTEB A5191P SPSP 1009 1004 A3979A A4964A SRGB 8TRMI 8TRRI 8TRRO 802 B4261B 9CBCR 901
D0 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
D3 0.79 0.07 0.73 0.73 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
D4 0.75 0.12 0.26 0.26 NA NA NA NA 0.00 0.00 NA 0.00 0.37 0.89 5.26 41.09 14.44 NA 0.69 0.07 0.24 0.14 0.00 0.01 0.00 5.33
D7 4.51 0.27 2.22 2.22 NA NA NA NA NA NA NA NA 1.26 0.04 0.41 0.00 0.00 NA 1.19 0.00 0.00 0.00 0.00 0.00 NA NA
D8 2.61 1.39 1.80 1.80 NA NA NA NA NA NA NA NA 2.22 0.00 0.00 0.00 0.00 NA 2.18 NA NA NA NA NA NA NA
D9 1.24 0.03 1.60 1.60 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
D11 NA NA NA NA NA NA NA NA NA NA NA NA 5.62 0.00 0.00 0.00 0.00 NA 4.90 NA NA NA NA NA NA NA
D12 0.16 0.08 0.39 0.39 NA NA NA NA NA NA NA NA 7.28 189.08 4.35 2.37 0.15 NA 7.55 0.00 0.00 12.11 23.13 0.00 NA NA
D13 NA NA NA NA NA NA NA NA NA NA NA NA 0.00 87.31 0.12 27.86 0.15 NA 0.82 0.00 0.00 8.72 23.13 0.00 NA NA
D14 0.29 0.28 1.07 1.07 NA NA NA NA NA NA NA NA 0.13 0.00 0.00 0.00 0.00 NA 0.12 NA NA NA NA NA NA NA
D15 0.00 0.00 0.00 0.00 NA NA NA NA NA NA NA NA 4.98 0.00 0.00 0.00 0.00 NA 4.55 NA NA NA NA NA NA NA
D16 NA NA NA NA NA NA NA NA NA NA NA NA 1.35 0.00 0.17 0.00 0.00 NA 1.04 NA NA NA NA NA NA NA
D17 NA NA NA NA NA NA NA NA NA NA NA NA 0.00 0.04 0.00 0.00 0.00 NA 2.17 NA NA NA NA NA NA NA
E 7.95 1.47 144.49 144.49 NA NA NA NA 0.00 0.00 NA 0.00 0.79 277.99 7.94 58.83 7.27 NA 3.41 0.07 0.24 14.11 23.15 0.01 0.00 5.33

Absolute Percent Difference in Strategy and D0 Flows for Examined Control Points

10th Percentile Flows for Examined Control Points (Units of Acre-Feet)
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Critical Segment - CP SPSP  
 
Stream: San Jacinto River Basin  
 
Segment:  1008 on Spring Creek 
 From the confluence with the West Fork San Jacinto River in Harris/Montgomery 
 County to the most upstream crossing of FM 1736 in Waller County.  

   
Impacted by:  Bacteria – impaired water body on 2006 303(d) lists 

Depressed Dissolved Oxygen 
 
Characteristics: Freshwater Stream 

  Water Body size:  69.0 miles 
 

Segment 1008 Use:  Aquatic Life Use 
General Use 
Public Water Supply Use 
Recreation Use 

 
10th Percentile Flow for Critical Strategies: 
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References 
2006 Texas 303(d) List; dated June 27, 2007 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_303d.pdf 
 
2006 Texas Water Quality Inventory – Basin Assessment Data by Segment 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_basin10.pdf 
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Critical Segment - CP 1004 
 
Stream:  San Jacinto River Basin  
 
Segment:  1004 West Fork San Jacinto River  

From the confluence of Spring Creek in Harris/Montgomery County to Conroe  Dam in 
Montgomery County.  
   

Impacted by:  Bacteria – impaired water body on 2006 303(d) lists 
 
Characteristics:  Freshwater Stream 

Water Body size:  40.0 miles 
 

Segment 1004 Use:  Aquatic Life Use 
General Use 
Public Water Supply Use 
Recreation Use 

 
10th Percentile Flow for Critical Strategies: 
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References 
2006 Texas 303(d) List; dated June 27, 2007 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_303d.pdf 
 
2006 Texas Water Quality Inventory – Basin Assessment Data by Segment 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_basin10.pdf 
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Critical Segment - CP A5191P 
 
Stream:  San Jacinto River Basin  
 
Segment:  1005 Houston Ship Channel/San Jacinto River Tidal  

From the confluence of Galveston Bay with Morgan’s Point in Harris/Chambers County to 
a point 100 meters (110 yards) downstream of IH 10 in Harris County.  
   

Impacted by:  Bacteria – impaired water body on 2006 303(d) lists 
 
Characteristics: Tidal Stream 

Water Body size:  12.0 miles 
 

Segment 1005 Use:  Aquatic Life Use 
Fish Consumption Use 
General Use 
Recreation Use 

 
10th Percentile Flow for Critical Strategies: 
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References 
2006 Texas 303(d) List; dated June 27, 2007 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_303d.pdf 
 
2006 Texas Water Quality Inventory – Basin Assessment Data by Segment 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_basin10.pdf 
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Critical Segment - CP BRRI70 
 
Stream:  Brazos River Basin  
 
Segment:  1202 Brazos River Below Navasota River 

From a point 100 meters (110 yards) upstream of SH 332 in Brazoria County to the 
confluence of the Navasota River in Grimes County.  
   

Impacted by:  Bacteria – impaired water body on 2006 303(d) lists 
 
Characteristics:  Freshwater Stream 

Water Body size:  199.0 miles 
 

Segment 1202 Use:  Aquatic Life Use 
Fish Consumption Use 
General Use 
Public Water Supply Use 
Recreation Use 

 
10th Percentile Flow for Critical Strategies: 
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References 
2006 Texas 303(d) List; dated June 27, 2007 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_303d.pdf 
 
2006 Texas Water Quality Inventory – Basin Assessment Data by Segment 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_basin10.pdf 
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Critical Segment - CP SRGB  
 
Stream:  San Jacinto River Basin  
 
Segment:  1005 Houston Ship Channel/San Jacinto River Tidal  

From the confluence of Galveston Bay with Morgan’s Point in Harris/Chambers County to 
a point 100 meters (110 yards) downstream of IH 10 in Harris County.  
   

Impacted by:  Bacteria – impaired water body on 2006 303(d) lists 
 
Characteristics:  Tidal Stream 

Water Body size:  12.0 miles 
 

Segment 1005 Use:   Aquatic Life Use 
Fish Consumption Use 
General Use 
Recreation Use 

 
10th Percentile Flow for Critical Strategies: 
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References 
2006 Texas 303(d) List; dated June 27, 2007 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_303d.pdf 
 
2006 Texas Water Quality Inventory – Basin Assessment Data by Segment 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_basin10.pdf 
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Critical Segment - CP 532801 
 
Stream:  Brazos River Basin  
 
Segment:  1202 Brazos River Below Navasota River 

From a point 100 meters (110 yards) upstream of SH 332 in Brazoria County to the 
confluence of the Navasota River in Grimes County.  
   

Impacted by:  Bacteria – impaired water body on 2006 303(d) lists 
 
Characteristics:  Freshwater Stream 

Water Body size:  199.0 miles 
 

Segment 1202 Use:  Aquatic Life Use 
Fish Consumption Use 
General Use 
Public Water Supply Use 
Recreation Use 

 
10th Percentile Flow for Critical Strategies: 
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References 
2006 Texas 303(d) List; dated June 27, 2007 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_303d.pdf 
 
2006 Texas Water Quality Inventory – Basin Assessment Data by Segment 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/06twqi/2006_basin10.pdf
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Survey Point - USGS Station 0806650 Trinity River at Romayor Bridge 
 
Stream:  Trinity River Basin 
 
Segment:  0802 Classified Trinity River Below Lake Livingston 
     From a point 3.1 km (1.9 miles) downstream of US 90 in Liberty County to        
                 Livingston Dam in Polk/San Jacinto County 
 
Station:  USGS 08066500 
 
Characteristics:  Freshwater Stream  

Water Body Size 84 miles 
 
Segment 1202 Land Use:  Cultivated land 

Residential housing  
Commercial development 
Residential uses 

   
References: 

TCEQ Surface Water Quality Viewer 
http://www.tceq.state.tx.us/compliance/monitoring/water/quality/data/wqm/viewer/viewer.html 
 
2008 Texas Water Quality Inventory – Basin Assessment Data by Segment (March 19, 2008) 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/08twqi/2008_basin8.pdf 
 
Ecologically Significant River and Stream Segment – Trinity River (Downstream of Lake Livingston) 
http://www.tpwd.state.tx.us/publications/pwdpubs/pwd_rp_t3200_1059c/trinity_river2.phtml 

 
Observed status:  At the time of observation (July 21, 2008), the Trinity River appeared to meet the 

definition of “Moderate” Channel Flow Status.  Less than 25 percent of channel 
substrate was exposed.  No potential wetlands and a small potential riparian corridor 
appeared to be present. 
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Survey Point - USGS Station 0806650 Trinity River at Romayor Bridge (photos) 
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Survey Point - USGS Station 08069000 Cypress Creek at IH 45 crossing near Westfield, TX 
 
Stream:  Trinity River Basin 
 
Segment:  1009 Cypress Creek 

From the confluence with Spring Creek in Harris County to the confluence of Snake Creek and 
Mound Creek in Waller County 

 
Station:  USGS 08069000 
 
Characteristics:  Freshwater Stream 

Water Body Size 53 miles 
 

Segment 1009 Land Use: Aquatic life 
General use 
Public water supply 
Residential uses 

   
References: 

2008 Texas Water Quality Inventory – Basin Assessment Data by Segment (March 19, 2008) 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/08twqi/2008_basin10.pdf 
 
 

Observed status:  At the time of observation (July 21, 2008), Cypress Creek appeared to meet the SQWM 
definition of “High” Channel Flow Status.  Less than 5% of the channel substrate was 
exposed.  No potential wetlands or riparian habitats were visible at the location of the 
USGS monitoring station. 
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Survey Point - USGS Station 08069000 Cypress Creek at IH 45 crossing near Westfield, TX 
(photos) 
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Survey Point - USGS 08068090 West Fork San Jacinto River above Lake Houston near Porter, TX 
 
Stream:  San Jacinto River Basin 
 
Segment:  1004 Classified West Fork San Jacinto River 

From the confluence of Spring Creek in Harris/Montgomery County to Conroe Dam in 
Montgomery County 

 
Station:  USGS 08068090 
 
Characteristics:  Freshwater Stream 

Body Size 40 miles 
 
Segment 1004 Land Use: Aquatic life 

General use 
Public water supply use 
Residential use 

   
References: 

2008 Texas Water Quality Inventory – Basin Assessment Data by Segment (March 19, 2008) 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/08twqi/2008_basin10.pdf 
 
 

Observed status:  At the time of observation (July 21, 2008), West Fork San Jacinto River appeared to 
meet the definition of “Moderate” Channel Flow Status.  Less than 25 percent of 
channel substrate was exposed.  Small sloughs jutting off the main river channel were 
present near the USGS monitoring station.  These sloughs are potential wetlands.  
Some potential riparian areas were also present. 
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USGS 08068090 (photos) 
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Survey Point - USGS 08071280 Luce Bayou above Lake Houston near Huffman, TX 
 
Stream:  San Jacinto River Basin 
 
Segment:  1002B Unclassified Water Body - Luce Bayou 
     From confluence with Lake Houston (Harris County) to FM 1008 (Liberty Texas) 
     Luce Bayou above Lake Houston near Huffman Texas 
 
Station:  USGS 08071280 
 
Characteristics:  Freshwater Stream 

Water Body Size 22.3 miles 
 
Segment 1002B Land Use: Aquatic life 

General use 
Residential use 

   
References: 

TCEQ Surface Water Quality Viewer 
http://www.tceq.state.tx.us/compliance/monitoring/water/quality/data/wqm/viewer/viewer.html 
 
2008 Texas Water Quality Inventory – Basin Assessment Data by Segment (March 19, 2008) 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/08twqi/2008_basin10.pdf 

 
 
Observed status:  At the time of observation (July 21, 2008), Luce Bayou appeared to meet the definition 

of “Moderate” Flow Status.  Less than 25 percent of channel substrate was exposed.  
Some potential fringe wetlands were present.  Potential riparian habitats were present 
north of FM 2100 at the observed location.  
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Survey Point - USGS 08071280 Luce Bayou above Lake Houston near Huffman, TX (photos) 
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Survey Point - USGS 08067500 Cedar Bayou near Crosby, TX 
 
Stream:  Trinity-San Jacinto Coastal Basin 
 
Segment:  0902 Classified Cedar Bayou Above Tidal 
     From a point 2.2 km (1.4 miles) upstream of IH 10 in Chambers/Harris County to a       
                 point 7.4 km (4.6 miles) upstream of FM 1960 in Liberty County.  
 
Station:  USGS 080067500 
 
Characteristics:  Freshwater Stream 

Water Body Size 25 miles 
 
Segment 0902 Land Use: Aquatic life 

General use 
Public water supply 
Residential  

 
References: 

TCEQ Surface Water Quality Viewer 
http://www.tceq.state.tx.us/compliance/monitoring/water/quality/data/wqm/viewer/viewer.html 
 
2008 Texas Water Quality Inventory – Basin Assessment Data by Segment (March 19, 2008) 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/08twqi/2008_basin9.pdf 
 
 

Observed status:  At the time of observation (July 21, 2008), Cedar Bayou appeared to meet the 
definition of “Low” Channel Flow Status.  Water filled 25 – 75 percent of the available 
channel and riffle substrates were mostly exposed.  No potential wetlands or riparian 
habitats were visible. 
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 Survey Point - USGS 08067500 Cedar Bayou near Crosby, TX (photos) 
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Survey Point - USGS 08116650 Brazos River near Rosharon, TX 
 
Stream:  Brazos River Basin 
 
Segment:  1202 Classified Brazos River Below Navasota River 
     From a point 100 meters (110 yards) upstream of SH 332 in Brazoria County to the        
                 confluence of the Navasota River in Grimes County 
 
Station:  USGS 08116650 
 
Characteristics: Freshwater Stream 

Water Body Size 217 miles 
 

Segment 1202 Land Use: Aquatic life use 
Fish consumption  
General use 
Public water supply 
Recreation use 

 
References: 

TCEQ Surface Water Quality Viewer 
http://www.tceq.state.tx.us/compliance/monitoring/water/quality/data/wqm/viewer/viewer.html 
 
2008 Texas Water Quality Inventory – Basin Assessment Data by Segment (March 19, 2008) 

      http://www.tceq.state.tx.us/assets/public/compliance/monops/water/08twqi/2008_basin12.pdf 
 
 
Observed status:  At the time of observation (July 21, 2008), the Brazos River appeared to meet the 

definition of “Low” Channel Flow Status.  Water filled 25 – 75 percent of the available 
channel and riffle substrates were exposed.  No potential wetlands or riparian habitats 
were visible. 
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Survey Point - USGS 08116650 Brazos River near Rosharon, TX (photos) 
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Survey Point - USGS 08067000 Trinity River at Liberty, TX 
 
Stream:  Trinity River Basin 
 
Segment:  0802 Classified Trinity River Below Lake Livingston 
     From a point 3.1 km (1.9 miles) downstream of US 90 in Liberty County to        
                 Livingston Dam in Polk/San Jacinto County 
 
Station:  USGS 080067000 
 
Characteristics:  Freshwater Stream  

Water Body Size 84 miles 
 

Segment 0802 Land Use:  Cultivated land 
Residential housing development 
Commercial development 
Residential uses 

 
References: 

TCEQ Surface Water Quality Viewer 
http://www.tceq.state.tx.us/compliance/monitoring/water/quality/data/wqm/viewer/viewer.html 
 
2008 Texas Water Quality Inventory – Basin Assessment Data by Segment (March 19, 2008) 
http://www.tceq.state.tx.us/assets/public/compliance/monops/water/08twqi/2008_basin8.pdf 
 
Ecologically Significant River and Stream Segment – Trinity River (Downstream of Lake Livingston) 
http://www.tpwd.state.tx.us/publications/pwdpubs/pwd_rp_t3200_1059c/trinity_river2.phtml 

 
 
Observed status:  At the time of observation (July 21, 2008), the Trinity River appeared to meet the 

definition of “Moderate” Channel Flow Status.  Less than 25 percent of channel 
substrate was exposed.  No potential wetlands and a small potential riparian corridor 
appeared to be present. 
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Survey Point - USGS 08067000 Trinity River at Liberty, TX (photos) 
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AECOM 
5757 Woodway Drive, Suite 101W, Houston, Texas  77057-1599 
T 713.780.4100  F 713.780.0838  www.aecom.com 

Memorandum 
 
Date July 2009 
 
To J. Kevin Ward 

Executive Administrator 
Texas Water Development Board 
1700 North Congress Avenue 
Austin, TX 78701 

 
From Jason D. Afinowicz, P.E. 
 
Subject Response to TWDB Comments on Region H 1st Biennium Environmental Flows 

Draft Report for 2011 Regional Water Planning Round 
 
 
 
The following text addresses TWDB comments on the Region H Environmental Flows Analysis and 
is intended to supplement edits to the report text.  TWDB comments are in italics, with AECOM 
responses in regular text. 
 

1. Page ES-3, Max H definition:  Please replace “annual inflows” with “sequence of monthly 
inflows” to more correctly define Max H. 
 
This change has been made in Section ES.2.1 and Section 3.1.1. 

 
2. Page ES-3, Min Q definition:  Please replace “minimum annual inflow” with “sequence of 

monthly inflows that minimizes that annual volume needed” to more correctly define Min Q. 
 
This change has been made in Section ES.2.1 and Section 3.1.1. 

 
3. Page ES-3, Min Q-Sal definition:  Please replace entire definition with “sequence of monthly 

inflows that maintains the B&E salinity constraint”.  The Min Q-Sal condition has no harvest 
or production goal, but merely meets the constraint. 
 
This change has been made in Section ES.2.1 and Section 3.1.1. 

 
4. Page ES-4, 1st paragraph:  Please provide reference for GBFIG-proposed frequencies.  

Also, please provide how the GBFIG document defines “frequency of attainment”.  
 
GBFIG-proposed frequencies were presented to the Region H Planning Group during the 
2001 Regional Water Planning cycle and were adopted by the Region H Planning Group for 
the 2001 RWP.  For additional information and documentation, please see the 2001 and 
2006 Region H RWPs as well as 
http://www.galvbaydata.org/WaterandSediment/FreshwaterInflowsGroupGBFIG/tabid/217/D
efault.aspx . 
 
While GBFIG established target minimum frequencies for achieving inflow targets, they do 
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not define “frequency of target attainment” or FTA as such.  This terminology was 
developed for the report in reference to the actual percentage of months to meet or exceed 
the monthly flow target.  The goal is for the FTA percentage to be at least as high as the 
target minimum frequency as recommended by GBFIG. 

 
5. Page ES-4, last paragraph:  Please more clearly explain how seasonal Frequency of Target 

Attainment (FTA) was developed and presented in Figure ES-3, noting if the monthly flows 
were summed and if the same was done for seasonal target flows.  Also, please note that 
based on Figure ES-1, March might better belong in the winter season than in the spring 
season. 
 
Text has been added to Section ES.2.1 for clarification.  On a monthly basis, FTA was 
assumed to reach its goal for a particular month if the count of that month during the period 
of record exceeded the frequency goal.  For example, if 55 percent or more of the Januarys 
in the period of record reached the Max H flow target, FTA is 55 percent and the desired 
Max H FTA for January (50 percent) was considered to be met.  Seasonal FTA was 
calculated as an average of the frequency of attainment for the component months for the 
season. Similarly, annual FTA was calculated as an average of the FTA values for all 12 
months of the year. 
 
For the issue of most appropriate season for the month of March, we feel that the spring 
season remains the best choice, although March flows are similar to those from winter.  As 
shown in Figure ES-1, there is a clear three-season pattern to the median monthly bay and 
estuary (B&E) flows.  To avoid complicating analysis and creating a biased weighting of 
certain months, these three seasons were divided into periods of equal four-month length.  
As shown in the figure, there is a very distinct low-flow regime from July through October.  
Defining the summer season around this low-flow period resulted in November being the 
beginning of the winter category and March being at the start of spring.  While this division 
is not perfect, we feel that it provides the best solution to maintaining an even seasonal 
length and preserving the summer low-flow period.    

 
6. Page ES-8, 2nd paragraph, 2nd sentence:  Please clarify that the frequency goals are those 

as defined by GBFIG and evaluated in the report. 
 
The following text was added to Section ES.3.2 for clarification:  “Note that the target 
frequency of attainment for each B&E condition (Max H, Min Q, and Min Q-Sal) are the 
frequency goals as defined by GBFIG and evaluated in this study.”   
 

7. Page ES-12, 1st sentence:  TWDB conducted a Streamflow Assessment for the 2007 State 
Water Plan.  Please correct the reference in this sentence. 
 
This correction has been made in Section ES.5.1. 

 
8. Pages ES-14 and 4-3, Tables ES-7 and 4-2:  Footnote 1 states that the flow was estimated 

to be below the Lyons flow.  The tables show the Lyons flow to be 1,217 cfs, and the 
observed flow to be <10,000 cfs.  Please clarify the observed flow value.   
 
Table ES-7 in Section ES.5.2 and Table 4-2 in Section 4.2 have been adjusted for 
clarification.  The entry for observed flow of “<10,000” should have indicated “<1,217” 

 
9. Page ES-17, Instream Flow Conclusion 3:  This conclusion states that “Despite this flow 

condition, there were no indicators of impaired stream health…”  Please explain if there was 
any indication that the observed low flows had occurred for significant enough time for there 
to be an ecological response.  Also, please explain if this flow condition is a significant 
factor in using the TCEQ Surface Water Quality Monitoring procedures. 
 
For Table ES-7 in Section ES.5.2 and Table 4-2 in Section 4.2, a column has been added 
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for “Low Flow Days.”  This column indicates the number of consecutive days prior to the 
date of observation that the average daily flow at the nearest USGS station has been below 
the Lyons flow.  For several stations, flows had been low for an extended period but only 
below the Lyons flow for a short time or oscillated above and below the Lyons Flow.  
However, for the Trinity River at Romayor and Luce Bayou near Huffman, average daily 
flows had been below Lyons flow for approximately two months.  Grass growth near the 
water line in some locations confirmed this extended low flow period.  In spite of this, 
significant ecological degradation was not observed and in fact the Trinity River showed a 
“moderate” channel flow status.  While it appears that the Lyons flow and TCEQ channel 
flow status both have some merit in indicating general comparative levels of flow for the 
stream segments, neither appears to serve as a clear indicator of stream health, at least at 
the timescales observed.  It is possible that for more prolonged low flow periods ecological 
conditions would eventually coincide with the indicators.         

 
10. Page 3-8, 2nd paragraph, 1st sentence:  The sentence states “It was assumed that B&E 

inflow targets are achieved by any inflow that equals or exceeds the target flow; thus, flow 
cannot be to high for the target, but can be too low.”  Since this statement applies to the 
Max H target, it appears to be inaccurate.  Fisheries harvest has been shown to decrease 
with an excessive volume of fresh water (i.e. flow can be too high for the target).  Please 
clarify or revise the statement. 
 
Text was added to Section 3.2.2 to clarify the reasoning behind the applied methodology.  
While the procedure selected works well for Min Q-Sal, it is not perfect for use in meeting 
Max H.  It is understood that a major limitation on the method used is that it does not 
consider a bracket of flow.  It is important to note that the State’s Max H, Min Q, and Min Q-
Sal flow regimes are not individual flow targets but rather represent optimal conditions when 
all 12 months in a year are at or near monthly targets.  However, Espey Consultants (2008) 
has noted that the pattern of flows defined by Max H does not occur historically; in order to 
meet the 50% frequency for Max H, the monthly Max H targets would have to be bracketed 
by ±1,045 percent.  In light of this, the methodology chosen seems to be the most feasible 
option.   
 
Espey Consultants, Inc.  2008.  Galveston Bay Freshwater Inflow Analysis. Presentation on 
October 9, 2008. 

 
11. Page 5-3, Figure 5-1:  In the figure title, please consider clarifying by changing “Trinity 

Basin B&E Discharge” to “Trinity Basin B&E Median Monthly Discharge”.  
 
This change has been implemented for Figure 5-1 in Section 5.1.2.  
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Memorandum 
 
Date February 1, 2010 
 
To Kelly Krenz 
 
From Jason Afinowicz 
 Philip Taucer 
 
Subject Modeling Instream Flow Impacts for the Luce Bayou IBT 
 
 
Distribution Project File 
 
 
The goal of this evaluation is to describe how the operation of the Luce Bayou Interbasin Transfer 
Project (LBITP) may influence instream flows within the lower Trinity River.  Studies by the Region 
H Planning Group have indicated that the LBITP will further increase the amount of water that will 
be returned in the San Jacinto River Basin from water diverted in the Trinity River Basin.  While 
there is substantial data that have been produced regarding the impacts to Bay and Estuary (B&E) 
inflows, previous studies have only provided a limited view of the potential effects within the Trinity 
River.  Kelly Krenz (AECOM Water – Houston NRP) requested a model analysis of the impacts of 
the Luce Bayou IBT diversion at Capers Ridge on instream flows in the Trinity River.  The results of 
the analysis are presented below.  
 
Background 
Based on the draft 2011 Region H Regional Water Plan (RWP), the City of Houston (COH) is 
expected to divert 764,699 acre-feet annually from the existing Trinity River Pump Station (TRPS) in 
the year 2010.  A portion of this water is provided to the East Water Purification Plant (EWPP) and 
the Southeast Water Purification Plant (SEWPP) for treatment and then distributed to COH retail 
and contract customers.  The LBITP is intended to receive water at a point (Capers Ridge) above 
the existing TRPS; water supply from Capers Ridge would be delivered to Lake Houston for 
treatment at the Northeast Water Purification Plant (NEWPP).  The LBITP supplies would not 
replace current demand for water from the EWPP or the SEWPP that receive water from the 
existing TRPS.  Over time, the demand for water at both pump stations will increase due to 
projected population growth.  In turn, the volume of water in the Trinity River released from Lake 
Livingston will increase to meet the projected water demands. 
 
The projected increase in water demand to be provided by the COH could potentially impact 
instream flows in the Trinity River.  Increased flows from the Lake Livingston would occur in the 
Trinity River during low flow conditions or dry periods.  There is also the potential for reduction in 
naturalized flows as a result of increased water capture at Lake Livingston.  The increase of 
reservoir capture rates would be needed to maintain storage to meet downstream water rights 
demands.  The overall impact from the operation of the LBITP may also result in reduction in peak 
flows in the Trinity River.  In addition, there may be an increased baseflow in the Trinity River as 
water is conveyed from Lake Livingston to the Capers Ridge Pump Station and the existing TRPS. 
 

AECOM 
5757 Woodway Drive 
Suite 101 West 
Houston, TX 77057-1599 
www.aecom.com 

713 780 4100 tel 
713 267 2950 fax 
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Methodology 
All model analyses were carried out using the Water Rights Analysis Package (WRAP) model.  The 
WRAP model uses naturalized flow and precipitation data in conjunction with information about 
man-made infrastructure and surface water rights to calculate streamflows for a flow network.  For 
each condition modeled, WRAP executes a 57-year simulation at a monthly timestep.  The TCEQ 
Run 8 Water Availability Model (WAM) was utilized as a base condition.  This model, which 
assumes current water use and return flows, was modified with the diversions shown in Table 1 to 
represent the future conditions for the operation of the two pump stations.  No other changes were 
made to the model in order to isolate impacts from the operation of the new project.  Thus, the 
results presented in this memorandum do not represent a true projected future condition, but 
demonstrates any changes to instream flows, resulting directly from the LBITP project and projected 
operation of the TRPS. 
 
The fundamental basis for this study was the layout of various points of discharge and diversion into 
and out of the Trinity River.  Figure 1 demonstrates the configuration of the experiment. 
 

Figure 1 – Conceptual Layout for Instream Flows Analysis 

 
 
Diversions were modeled at the Capers Ridge and TRPS points according to a projected schedule 
for water delivery.  Jason Afinowicz generated the target diversion for the Luce Bayou IBT during 
the development of the Luce Bayou Draft Preliminary Engineering Report (PER).  The diversion 
from the Trinity River Pump Station was calculated using information from the draft 2011 Region H 
Regional Water Plan (RWP).  The code for the two IBT diversions uses a standard diversion option, 
which first tries to meet diversion targets from streamflow and then, if targets are not fully met, 
releases water from reservoir storage.  Table 1 indicates the projected diversions for these two 
points in the years 2010 (assumed to be current conditions), 2020, 2040, and 2060.   
 

Table 1 – Diversion Schedule for Instream Flow Analysis 
Demand 

Condition 
Pump Station Demand (Ac-Ft/Yr) Total Call  

(Ac-Ft/Yr) Capers Ridge Trinity River PS1 
2010 0 764,699 764,699 
2020 109,500 787,102 896,602 
2040 222,285 807,039 1,029,324 
2060 264,990 799,334 1,064,324 

 

1Diversion at the Trinity River PS determined by deducting the projected demand for the Luce 
Bayou IBT as determined in the operations report from the total volume of IBT water for the 
relevant rights in the Trinity Basin as calculated from the draft 2011 RWP.  This value is subject 
to change in the future based on the results of the final 2011 RWP. 

 
Annual Results 
Modeled median and 10th percentile total annual flows for several points of interest (upstream to 
downstream order) are shown in Figures 2 and 3 at the end of the memorandum, respectively.  
Please note that all figures after Figure 1 are located at the end of the memorandum.  As shown in 
the figures, neither the median nor 10th percentile for total annual flow changes much for the Lake 
Livingston outlet or for the Romayor gauge station.  However, for locations downstream of the 
Capers Ridge Diversion point, the median and 10th percentile annual flows decrease with time as 
total IBT diversions increase.  This is not surprising given the substantial diversion for the LBITP.  
As noted earlier, the model first tries to meet diversion targets from streamflow and then, if targets 
are not fully met, releases water from reservoir storage.  This mirrors information obtained from TRA 
regarding the way in which releases are managed to meet the needs of the TRPS.  Operators at 

Lake 
Livingston 

Trinity 
PS 

Capers 
Ridge 
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Livingston make releases in order to maintain adequate flow to equal or exceed the daily TRPS 
diversion.  Without the LBITP, permitted diversions for TRPS will be met every month with the flow 
in the Trinity River; this means that the flow in the river at all times must be equal to or greater than 
the TRPS demand.  When the LBITP is added as a diversion along the Trinity River, additional 
reservoir releases would occur to provide available flows in excess of TRPS demand at the Capers 
Ridge diversion point in accordance with the water rights permit.  Therefore, the presence of the 
LBITP reduces the magnitude of any flows in excess of TRPS demand in the Trinity River.  For the 
median flows, this reduction becomes more pronounced downstream.  For 10th percentile annual 
flows, the effects are slightly less pronounced at the Liberty gauge than at other points downstream 
of Capers Ridge due to inputs from tributaries between Capers Ridge and the Liberty gauge.  This 
is shown in the increasing annual median flow at the Liberty gauge.  A similar increase of median 
Galveston Bay inflows has also been identified; these median inflows to Galveston Bay are greater 
than the median inflows measured below the TRPS due to an increase of river inflows from 
downstream tributaries. 
 
While the LBITP reduces peak flows, it is on an annualized basis and the amount of water reaching 
the TRPS would exceed demand.  Even as total modeled demands for Luce Bayou and TRPS 
diversions increase by nearly 300,000 acre-feet per year by 2060, additional reservoir releases 
beyond 2010 levels are only needed to meet these required diversions 39 percent of the time.  
Examination of Table 1 in conjunction with Figure 3 shows that 10th percentile annual flows at the 
Liberty gauge exceed yearly demand at the TRPS for all four models.  A more detailed examination 
of model results indicates that even the minimum annual flow at the Liberty gauge, the inflows 
exceed the annual TRPS demand for water. 
 
Disaggregation of Run 8 and Year 2010 model outputs for the Romayor gauge using USGS gauge 
data give estimated 7Q2 values of 684 and 867 cfs, respectively.  This increase is due to higher 
diversions at the TRPS for the 2010 model.  For reference, the 7Q2 for the Romayor gauge is listed 
as 732 cfs according to 30 TAC §307.10(2).  The approximate 7Q2 at Liberty for the Year 2010 
model is 906 cfs, once again highlighting increased flow due to tributary inputs between Romayor 
(above Capers Ridge) and Liberty gauge (below the TRPS). 
 
The background section of this memorandum suggested the possibility that increased reservoir 
releases to meet the diversion at Capers Ridge could increase streamflow in the Trinity River, 
possibly downstream to the existing TRPS.  However, based on the analysis conducted, the 10th 
percentile annual flows below the Romayor gauge apparently decrease with time.  A summary of 
change in annual median flows after the implementation of the Luce Bayou IBT with diversions at 
Capers Ridge is shown in Table 2 below.  Reductions in annual median increase with time as 
diversions increase, with these effects being most pronounced downstream of Capers Ridge 
(further downstream of the Romayor gauge).  However, on an annualized basis, the apparent 
reduction in inflows remains below seven percent.  There is the possibility is that flows in the Trinity 
River during dry periods increase, but the increase is at a timescale shorter than a year so that the 
effects of this increase on an annualized basis cannot be identified through the modeling conducted. 
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Table 2 – Change in Median Annual Flow from Year 2010 Condition 
Location Vol / % 2010 2020 2040 2060 

Lake Outlet ac-ft 4,708,781 4,708,985 4,710,497 4,729,185 
%Δ -- 0.00% 0.04% 0.43% 

Romayor ac-ft 4,862,402 4,862,372 4,841,135 4,834,092 
%Δ -- 0.00% -0.44% -0.58% 

Below Capers 
Ridge 

ac-ft 4,918,689 4,809,159 4,689,997 4,635,454 
%Δ -- -2.23% -4.65% -5.76% 

Liberty ac-ft 5,279,207 5,169,911 5,057,158 5,014,402 
%Δ -- -2.07% -4.21% -5.02% 

Below TRPS ac-ft 4,579,031 4,447,333 4,314,643 4,279,591 
%Δ -- -2.88% -5.77% -6.54% 

Bay ac-ft 4,829,156 4,697,190 4,564,391 4,529,375 
%Δ -- -2.73% -5.48% -6.21% 

 
 
Monthly Results 
While annualized results reveal broad overall trends in the data, the modeled magnitude of the two 
IBT diversions varies on a monthly basis and may create impacts at a seasonal or monthly 
timescale that are not apparent from annual results.  For this reason, flows were examined on a 
monthly basis for the Romayor and Liberty gauge stations as well as for the point between the 
TRPS and Galveston Bay.  Median and 10th percentile monthly flows for Romayor are shown in 
Figures 4 and 5 on the following page.  As shown in Figure 4, median flows for eight months either 
remain the same or decrease as the IBT volume increases.  However, during most of the drier 
months (July through October), the monthly medians increase with time.  The effects of the Luce 
Bayou IBT are shown even more clearly during the low flow conditions represented by the 10th 
percentile monthly flows, for which flows increased with time for all months except February and 
April.  At the same time, for all points examined, the monthly maximum flow is highest in 2010 for all 
twelve months of the year.  This suggests that increased reservoir releases for the Luce Bayou and 
TRPS demands increase Trinity River inflows during dry periods while reducing peak flows.  As 
suggested in the preceding section, the increase in low flows appears to be masked when 
considered on an annual basis.   
 
Monthly median and 10th percentile model flows at the Liberty gauge and a point downstream of the 
TRPS are shown in Figures 6 through 9 on the following pages.  For the Liberty gauge, the pattern 
of increased median flows after the implementation of the LBITP (Figure 6) for August and 
September is present, similar to the results for Romayor gauge.  At Liberty, however, the increase 
for these months is smaller than that shown for the Romayor gauge.  Additionally, for the remaining 
months of the year the decrease in median monthly flows after LBITP implementation is larger than 
that of Romayor gauge.  The 10th percentile monthly flows for the Liberty gauge (Figure 7) are 
higher after LBITP except for a four-month period from February to May; as noted earlier, the 
Romayor gauge showed two months of decreased 10th percentile flows during this period.  
However, the magnitude of this change is also lower than the magnitude for the similar pattern at 
the upstream monitoring point.  Note that for the 10th percentile flows most of the months reach their 
highest point in 2040.  This coincides with the highest TRPS demand as shown in Table 1.   
 
Examination of the monthly flows downstream of the TRPS shows a markedly different result 
(Figure 8).  At the TRPS diversion, median flows are the greatest in the Trinity River during modeled 
Year 2010 conditions for all twelve months.  Median monthly flows in the Trinity River below the 
TRPS is lowest for July through October, as shown in Figure 8.  Monthly 10th percentile flows, 
shown in Figure 9, are highest for Year 2010, before the LBITP is established and decrease with 
time or remain constant (see February through May).  At that point, the benefit to the Trinity River 
flows related to the implementation of the LBITP during dry or low flow conditions may be minimal. 
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The results for the Liberty gauge and the point below TRPS suggest that the increase in low flows 
demonstrated at the Romayor gauge upstream of the Capers Ridge diversion point becomes less 
pronounced downstream and the effect would be minimal after the TRPS diversion.  At the same 
time, the apparent decrease in peak flows that may occur after the implementation of the LBITP 
appears to result in a potential decrease of the 10th percentile Trinity River inflows downstream of 
the TRPS.  This effect however is mitigated by increased reservoir releases as described below. 
 
The monthly model results for the three scenarios and diversion points detailed in the memorandum 
are reasonable, given the way the model represents the Luce Bayou IBT.  Since flows and reservoir 
releases before LBITP implementation are adequate to meet TRPS demands, additional releases 
would be primarily be made to meet the new diversion requirement at the Capers Ridge Pump 
Station.  Instream flows would increase during low flow periods between Lake Livingston and the 
Capers Ridge diversion point with minimal effect further downstream.  Low flow conditions of the 
Trinity River are mitigated to the greatest extent upstream of the Capers Ridge diversion point as 
observed at the Romayor gauge.  There is also a slight increase in low flows at the Liberty gauge, 
downstream of the TRPS.  This effect is related to the increased diversion demands at the TRPS 
(and increased reservoir releases) experienced during the decades after Year 2010, as shown in 
Table 1.  Therefore, a portion of additional reservoir releases does meet increased demands at 
TRPS, which increases low flows in the Trinity River.  As noted earlier, 10th percentile monthly flows 
for the Liberty gauge are typically highest for Year 2040 conditions, corresponding to the highest 
TRPS demand and an increase in instream flows of the Trinity River. 
 
Since the LBITP diverts excess streamflows (above demands for TRPS) and, if necessary, calls for 
reservoir releases, peak flows would not be expected to be reduced significantly between the Lake 
Livingston and Capers Ridge.  The increase of demand at the TRPS through time would require 
additional reservoir releases to the Trinity River to meet higher demands.  This was the case under 
low flow conditions, as discussed in the paragraph above.  However, the streamflow at TRPS 
exceeds demand under most conditions, even after LBITP implementation and there may be less 
need for additional reservoir releases to meet TRPS demands.  The net effect in the Trinity River is 
a truncation of peak flows below Capers Ridge.  This effect may become slightly more pronounced 
downstream of the TRPS, although may be mitigated through increased downstream tributary 
contributions to the Trinity River. 
 
Conclusions 
The results of this study have shown that, at shorter timescales, the presence of the LBITP and 
increasing TRPS demands enhance dry condition flows from Lake Livingston to the TRPS, with the 
greatest effect extending from Lake Livingston to the Capers Ridge diversion point.  At the same 
time, LBITP diversion of Trinity River may result in a dampening of peak flows, primarily 
downstream of Capers Ridge.  However, this effect may be mitigated through increased 
downstream tributary contributions to the Trinity River. 
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Figure 2 – Median Annual Trinity River Flows 
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Figure 3 – 10th Percentile Annual Trinity River Flows 

0

1,000,000

2,000,000

3,000,000

4,000,000

5,000,000

6,000,000

Lake Outlet Romayor Below Capers 
Ridge

Liberty Below TRPS Bay

Fl
ow

 (a
c-

ft
)

2010

2020

2040

2060



 
 
Page 7 
 
 

 

Figure 4 – Median Monthly Flows at the Romayor Gauge 
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Figure 5 – 10th Percentile Monthly Flows at the Romayor Gauge 
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 Figure 6 – Median Monthly Flows at the Liberty Gauge 
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Figure 7 – 10th Percentile Monthly Flows at the Liberty Gauge 
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Figure 8 – Median Monthly Flows Below TRPS 
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Figure 9 – 10th Percentile Monthly Flows Below TRPS 
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1.0 EXECUTIVE SUMMARY 
A review of required permits and agency coordination for the Luce Bayou Interbasin Transfer 
(LBIT) Project was conducted.  The project has some existing permits that will need to be 
maintained and renewed.  Additional permits and agency coordination will be needed for both the 
construction and post-construction phases of the project.   

1.1 Existing Permits and Authorizations 

Existing Permits for the LBIT Project are the water rights permits issued to the City of Houston 
(Water Use Permit No. 5826 and Certificate of Adjudication 08-4621, as amended).  The Coastal 
Water Authority (CWA) has submitted the Section 404 permit application to the United States 
Army Corps of Engineers (USACE) - Galveston District (SWG-2009-00188).  During this review it 
was noted that the USACE has new requirements for stream impact and mitigation may affect the 
project.  This should be addressed as part of the 404 review process.   

Right of Entry (ROE) Agreements from affected landowners have been obtained to conduct 
surveying, perform environmental evaluations, assessing and / or testing, and performing 
archeological investigations. 

1.2 Additional Permits and Authorizations 

A summary table of the existing and additional permits and authorizations needed for the project 
is provided in Section 2.  Application for these permits and authorizations will need to be made 
prior to beginning construction.  Some of the coordination with the various agencies will be done 
as part of the Section 404 Review process by the USACE.  The primary agencies and authorities 
are as follows: 

· City of Houston 

· Harris County 

· Liberty County 

· Texas Commission on Environmental Quality 

· Texas Department of Agriculture  

· Texas Department of Transportation 

· Texas General Land Office 

· Texas Historical Commission 

· Texas Parks and Wildlife Department 

· Texas Water Development Board 

· Department of Homeland Security 

· Federal Emergency Management Agency  

· US Army Corps of Engineers 

· US Department of Agriculture / Natural Resource Conservation Service 

· US Environmental Protection Agency 

· US Fish and Wildlife Service 

· Authorizations from pipeline owners / operators  



1.3 Items Necessary to be Accomplished Prior to Submitting Permit 
Applications 

· Project plans and application forms will need to be developed for submittal to Harris 
County and Liberty County for review and approval.   

· Archeological resources have been identified and a plan to address potential 
archeological resources will need to be developed and approved by state and federal 
agencies.  

1.4 Recommendations to Coastal Water Authority 
· Maintain existing permits and renew as needed. 

· Schedule meeting with Harris County Permits Office to review local permitting 
requirements for both construction and post-construction phases. 

· Schedule meeting with City of Houston to review dredge and floodplain permitting 
requirements.  

· Initiate coordination with Sam Houston Electric Cooperative for electrical utility needs for 
the pump station and maintenance facility  

 

  



2.0 INTRODUCTION 
 

2.1 Authorization 

This Permit Review Study and Report has been prepared in accordance with Work Order No. 8 
under the Engineering Services Agreements between Coastal Water Authority (CWA) and 
AECOM Technical Services, Inc. (AECOM).   

2.2 Scope 

The scope of this review included conducting compilation of potential construction and 
environmental permits and authorizations needed for the project.   

2.3 Summary of Required Permits 

The permit and authorization requirements for federal, state and local entities were compiled..  
Previous permit reports for the project were reviewed.  Internet resources were researched to 
update permit requirements and permitting agency personnel were contacted by telephone and 
email.  The results of this review are summarized in Table 2-1.  Permitting forms, Records of 
Contact and reference materials are provided in the Appendices to this report.  
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Table 2-1:  Summary of Potential Approvals, Consultations, and Permits Necessary for the Luce Bayou Interbasin Transfer Project 

Issuing Entity Permit Permit Acquired 
(Y/N) 

Comments 

City of Houston (COH) and Harris 
County (HC) 

COH and Harris County / HCFCD 
Construction Permitting and Storm 
Water Quality permit  

N Requirements include preparation and 
submittal of Storm Water Quality 
Management Plan (SWQMP) permit 
application for construction and post-
construction requirements.  Application 
fees also required.  Compliance with 
TPDES Construction General Permit 
required.   

Application(s) will need to be filed prior to 
construction start. 

City of Houston (COH) COH authorization for construction 
of discharge structure into Lake 
Houston  

N Application to City of Houston will be 
needed.  Based on discussions with City of 
Houston Permit personnel, will most likely 
be issued as a Dredge Permit.  If boat 
ramps will be installed may need sidewalk / 
driveway permit.  

Application will need to be filed prior to 
construction start. 

Department of Homeland Security Public Drinking Water Supply / 
Source Protection  

N No specific permitting requirements for the 
project were identified.  However, 
Department of Homeland Security public 
drinking water source protection 
requirements for vulnerability and risk 
assessment may apply to the project.  EPA 
is designated by Department of Homeland 
Security as lead agency for Critical 
Infrastructure and Key Resources. 



 

Table 2-1:  Summary of Potential Approvals, Consultations, and Permits Necessary for the Luce Bayou Interbasin Transfer Project, continued 

Issuing Entity Permit Permit Acquired 
(Y/N) 

Comments 

Federal Communications 
Communication 

Cell tower relocation N Relocation of cell tower will need to be 
coordinated with the FCC by the cell tower 
owner / operator.  Existing cell tower is in 
project right of way. 

Federal Emergency Management 
Agency (FEMA) 

FEMA floodplain Conditional Letter 
of Map Revision (CLOMR) / Letter 
of Map Revision (LOMR) with 
USFWS authorization for T&E 
species/habitat evaluation (if or as 
needed) 

N FEMA floodplain CLOMR / LOMR will 
include USFWS review. 

Application will need to be filed prior to 
construction start. 

Federal Energy Regulatory 
Commission (FERC) 

FERC or ENSTOR permit for 
construction near the ENSTOR 
Houston HUB & Storage facility 

N/A FERC does not have any permitting 
requirements that would apply to the 
LBITP.  FERC order issuing certificates of 
public convenience and necessity was 
issued April 4, 2008 for the ENSTOR 
Houston Hub Project.  Planned 
construction completion date is December 
31, 2012.  Notification to ENSTOR of 
planned construction project for LBITP 
recommended. 



 

Table 2-1:  Summary of Potential Approvals, Consultations, and Permits Necessary for the Luce Bayou Interbasin Transfer Project, continued 

Issuing Entity Permit Permit Acquired 
(Y/N) 

Comments 

Liberty County Local authorization from Liberty 
County for construction activities 
and building and utilities for 
maintenance facility and pump 
station 

N Per County Engineer, the County’s 
Drainage Criteria would apply to the 
project.  County approval will be needed for 
crossing County roads and the current fee 
is $2,500 per crossing.  The County will 
need to review the construction plans for 
the project, the pump station, the 
sedimentation basin and maintenance 
facility.  Building permit, water well and 
onsite sewerage facility (OSSF) permit 
requirements would also apply.  The 
County also has requirements for 
mitigation for construction in the floodplain.  
Application(s) will need to be filed prior to 
construction start.  Review of plans by 
Liberty County Engineering and Permit 
Department will be required. 

Liberty County and Harris County Platting and deed recordation for 
property owned by CWA 

N File platting and deed records with County 
Clerk’s Offices. 

Sam Houston Electrical 
Cooperative (SHECO) 

Electrical Service Lines N SHECO has applications process for 
service.  Recommend initiate discussion 
with SHECO as to what will be needed for 
electrical service to LBITP facilities. 



 

Table 2-1:  Summary of Potential Approvals, Consultations, and Permits Necessary for the Luce Bayou Interbasin Transfer Project, continued 

Issuing Entity Permit Permit Acquired 
(Y/N) 

Comments 

Texas Commission on 
Environmental Quality (TCEQ) 

Public Drinking Water Supplies 
(Chapter 290) 

N No specific permitting requirements 
identified for the construction phase of the 
project related to TCEQ Public Drinking 
Water Supply Chapter 290 Rules.  Chapter 
290 Rules apply to the drinking water 
purification plant, particularly any 
expansion or modification.   

Texas Commission on 
Environmental Quality (TCEQ) 

TCEQ Section 401 State Water 
Quality Certification  

N TCEQ will conduct 401 State Water Quality 
Certification review as part of the Section 
404 Permit Review process.  

Texas Commission on 
Environmental Quality (TCEQ) and 
various agencies 

Water Rights Permit (Texas Water 
Code Chapter 11, Texas 
Administrative Code Chapters 288, 
295, 297)  

Y Water Rights permits have been obtained 
and are issued to City of Houston.   Water 
Use Permit No. 5826 and Certificate of 
Adjudication 08-4621, as amended. 

Texas Commission on 
Environmental Quality (TCEQ) 

Texas Pollutant Discharge 
Elimination System (TPDES) 
General Number TXR150000 
Relating to Storm Water 
Discharges Associated with 
Construction Activities 
(Construction General Permit) 

N Prepare Storm Water Pollution Prevention 
Plan (SWPPP) and Notice of Intent (NOI).  
Submit NOI and fee to TCEQ prior to 
beginning of construction activities.  
Include SWPPP requirements in 
contractors’ bid packages.  Application will 
need to be filed prior to construction start. 

Texas Commission on 
Environmental Quality (TCEQ) / 
Texas Parks and Wildlife 
Department (TPWD) 

TCEQ/TPWD Bed and Banks 
permit for Trinity River and Lake 
Houston  

N Bed and banks authorization needed if 
project will transport water using a state 
watercourse. Reviewed as part of TCEQ’s 
water rights permitting process. 



 

Table 2-1:  Summary of Potential Approvals, Consultations, and Permits Necessary for the Luce Bayou Interbasin Transfer Project, continued 

Issuing Entity Permit Permit Acquired 
(Y/N) 

Comments 

Texas Department of Agriculture 
(TDA) 

Agricultural issues consultation N Agency review of prior converted cropland 
and prior converted wetlands from TDA as 
well as USDA / NRCS.  Agency reviews for 
LBITP will be needed. 

Texas Department of 
Transportation (TxDOT)  

TxDOT permit and easements 
within and for roadway crossing 
construction.  Right-of-Way and 
Transportation access. 

N TxDOT has application process for Utility 
Installation (Utility Installation Request 
Form 1082).  TxDOT also has other 
requirements that will apply to the project 
(e.g., signage, barriers, temporary road 
closures, traffic control).   

Application will need to be filed prior to 
construction start. 

Texas General Land Office (GLO) GLO Miscellaneous Easement for 
state-owned lands and waterways 

N The GLO has authority to grant easements 
for rights of way across navigable waterways 
or state-owned lands and stream beds.  GLO 
charges fees for such easements.  Per GLO, 
state may consider reduced easement fees 
since LBITP is a public works type project.  
Recommend contacting GLO to discuss 
project. Application will need to be filed 
prior to construction start. 

Texas Historical Commission (THC) Cultural Resources  
(SHPO / Section 106 Review)  

N Archeological Investigation conducted 
under Archeology Permit No. 5082.  
Archeological resources were identified.  A 
plan to address potential archeological 
resources will need to be developed and 
approved by state and federal agencies.  



 

Table 2-1:  Summary of Potential Approvals, Consultations, and Permits Necessary for the Luce Bayou Interbasin Transfer Project, continued 

Issuing Entity Permit Permit Acquired 
(Y/N) 

Comments 

Texas Parks and Wildlife 
Department (TPWD) 

Texas Parks and Wildlife 
Department Revenue Sand Permit  

N If the stream is perennial (flows most of the 
time), or is more than 30 feet wide between 
the banks (even if it is dry most of the 
time), the State claims the bed and the 
sand and gravel in it as State-owned. A 
permit from the Texas Parks and Wildlife 
Department is required to "disturb or take" 
streambed materials from a streambed 
claimed by the State. 

An application must be filed with the 
Department, including information on the size 
of the stream, the nature of the banks and the 
bed of the stream, the amount of material to 
be disturbed or removed, the adjacent 
landowners, and the probable effects on the 
stream and its other users. A fee, ranging 
from $250 to $1200 must accompany the 
application. The Department evaluates the 
probable impact to the environment of the 
activity, and grants a permit if no significant 
damage is anticipated.  Individual permit 
applications require a hearing before the 
permit is issued. 

Texas Public Utility Commission 
(PUC) 

Texas Public Utility Commission 
electrical power distribution system 
installation permit  

N 

(Responsibility of 
SHECO.) 

Recommend CWA initiate discussions with 
SHECO regarding electrical service.   

Texas Railroad Commission (RRC) Authorization for construction near 
oil and gas wells (if needed) 

N/A RRC does not have specific permitting 
requirements that would apply to the 
LBITP.  Notification to affected property 
owners / operators recommended. 



 

Table 2-1:  Summary of Potential Approvals, Consultations, and Permits Necessary for the Luce Bayou Interbasin Transfer Project, continued 

Issuing Entity Permit Permit Acquired 
(Y/N) 

Comments 

Texas Water Development Board 
(TWBD) 

Environmental Review N Environmental review is part of the TWBD 
funding process.  TWBD will review and 
adopt the USACE Record of Decision. 

United States Army Corps of 
Engineers (USACE) – Galveston 
District 

Permit under Section 10 of the 
Rivers and Harbors Act of 1899 and 
Section 404 of the Clean Water Act 

N 

CWA Department of 
the Army Permit 

application submitted 
to USACE Galveston 
District (SWG-2009-

00188) 

USACE 404 Permit application has been 
submitted and is in progress.  New 
requirements for stream impact and 
mitigation may affect the project.  This 
should be addressed as part of the 404 
review process. 

Invasive species management may need to 
be addressed for the project. 

United States Department of 
Agriculture (USDA) / Natural 
Resource Conservation Service 
(NRCS) 

Agricultural issues consultation 

 

N Prior converted cropland determination. 
Agency review of prior converted cropland 
and prior converted wetlands will be 
needed.  Land use changes will trigger 
possible additional review.   Authorization 
for impact to prime farmland soils may also 
be needed, if applicable. 



 

Table 2-1:  Summary of Potential Approvals, Consultations, and Permits Necessary for the Luce Bayou Interbasin Transfer Project, continued 

Issuing Entity Permit Permit Acquired 
(Y/N) 

Comments 

United States Fish and Wildlife 
Service (USFWS) 

Golden and Bald Eagle Protection 
Act 

Migratory Bird Treaty Act 

Endangered Species Act 

N No adverse efforts on these species are 
anticipated.  These species may utilize 
areas near the project for feeding and 
nesting. 

No federally listed threatened or 
endangered (T&E) species have been 
identified for the project.  In the event that 
T&E species may be affected during the 
course of the project, a permit for 
“incidental taking” may be needed. 

United States Environmental 
Protection Agency (USEPA) 

USEPA Clean Water Act 
Requirements 

N EPA review will be conducted as Part of 
Section 404 Permit Review process.  If all 
the construction is within Texas, State 
TPDES permits should cover activities, 
unless on Indian Lands.  No Indian lands 
have been identified for the project.      

Various pipeline owners / operators Authorizations from pipeline owners 
/ operators with project crossings 

N Authorizations from pipeline owners or 
operators for project crossings. 



 

3.0 RECOMMENDATIONS TO COASTAL WATER AUTHORITY  
 

Based on the permit review conducted by AECOM, the following actions are recommended for 
CWA to implement:  

· Maintain existing permits and renew as needed.   

· Continue coordination with various state and federal agencies as part of the USACE 
Section 404 permit review process. 

· Schedule meeting / discussion with Liberty County Permits Office to review local 
permitting requirements, including building and utility permitting needed for water supply 
and sanitary sewer at LBITP facilities.  Liberty County also has infrastructure plans that 
will need to be coordinated with the project route. 

· Schedule meeting / discussion with Harris County Permits Office and the City of Houston 
to review local storm water permitting requirements for both construction and post-
construction phases.   

· Schedule meeting / discussion with City of Houston to review dredge and floodplain 
permitting requirements and applicable requirements for structures at Lake Houston.  

· Initiate coordination with Sam Houston Electric Cooperative for electrical utility needs for 
the pump station and maintenance facility.  

· Review project route with Texas General Land Office to determine easements required.  
Discuss GLO easement fees with GLO personnel.   

· Coordinate with EPA regarding critical infrastructure source protection measures as 
applicable. 

 

  



 

4.0 REFERENCES 
 

City of Houston  

Department of Public Works and Engineering 

Robert Litz - Inspector 

Main   281-324-1816 

Direct 281-324-2979 

 

Harris County 

Harris County Watershed Protection Group 

Alisa Max, PE - Group Manager 

713-685-7351 

 

Liberty County Engineering and Permits Department 

Louis W. Bergman, III, PE – County Engineer, Floodplain Administrator 

Jennifer Purnell – Permit Clerk 

936-336-4558 
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Permit Issuing Entity Permit Acquired (Y/N) Comments 

Authorizations from pipeline owners 
/ operators with project crossings 

Various pipeline owners / operators N Authorizations from pipeline owners or 
operators for project crossings. 

COH and Harris County / HCFCD 
Construction Permitting and Storm 
Water Quality permit  

City of Houston (COH) and Harris 
County (HC) 

N Requirements include preparation and 
submittal of Storm Water Quality 
Management Plan (SWQMP) permit 
application for construction and post-
construction requirements.  Application 
fees also required. 

Application(s) will need to be filed prior to 
construction start. 

COH authorization for construction 
of discharge structure into Lake 
Houston  

City of Houston (COH) N Application to City of Houston will be 
needed.  Based on discussions with City 
of Houston Permit personnel, will most 
likely be issued as a Dredge Permit.  If 
boat ramps will be installed may need 
sidewalk / driveway permit.  

Application will need to be filed prior to 
construction start. 

Public Drinking Water Supply / 
Source Protection  

Department of Homeland Security N Department of Homeland Security public 
drinking water source protection 
requirements may apply.  Public drinking 
water source protection requirements may 
apply. 

Cell tower relocation Federal Communications 
Communication 

N Relocation of cell tower will need to be 
coordinated with the FCC by the cell 
tower owner / operator.  Existing cell 
tower is in project right of way. 
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Permit Issuing Entity Permit Acquired (Y/N) Comments 

FEMA floodplain Conditional Letter 
of Map Revision (CLOMR) / Letter 
of Map Revision (LOMR) with 
USFWS authorization for T&E 
species/habitat evaluation (if or as 
needed) 

Federal Emergency Management 
Agency (FEMA) 

N FEMA floodplain CLOMR / LOMR will 
include USFWS review. 

There may be some Department of 
Homeland Security requirements, beyond 
FEMA.  

Application will need to be filed prior to 
construction start. 

FERC or ENSTOR permit for 
construction near the ENSTOR 
Houston HUB & Storage facility 

Federal Energy Regulatory 
Commission (FERC) 

N/A FERC does not have any permitting 
requirements that would apply to the 
LBITP.  Notification to ENSTOR of 
planned construction project for LBITP 
recommended. FERC order issuing 
certificates of public convenience and 
necessity was issued April 4, 2008 for the 
ENSTOR Houston Hub Project.  Planned 
construction completion date is December 
31, 2012.   

Local authorization from Liberty 
County for construction activities 
and building and utilities for 
maintenance facility and pump 
station 

Liberty County N Per County Engineer, the County’s 
Drainage Criteria would apply to the 
project.  County approval will be needed for 
crossing County roads and the current fee 
is $2,500 per crossing.  The County will 
need to review the construction plans for 
the project, the pump station, the 
sedimentation basin and maintenance 
facility.  Building permit, water well and 
onsite sewerage facility (OSSF) permit 
requirements would also apply.  The 
County also has requirements for 
mitigation for the construction in the 
floodplain.  Application(s) will need to be 
filed prior to construction start.  Review of 
plans by Liberty County Engineering and 
Permit Department will be required. 
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Permit Issuing Entity Permit Acquired (Y/N) Comments 

Platting and deed recordation for 
property owned by CWA 

Liberty County and Harris County N File platting and deed records with 
County Clerk’s Offices. File platting and 
deed records with County Clerk’s Offices. 

Agricultural issues consultation 

 

United States Department of 
Agriculture (USDA) / Natural 
Resource Conservation Service 
(NRCS) 

N Prior converted cropland determination. 
Agency review of prior converted 
cropland and prior converted wetlands will 
be needed.  Land use changes will trigger 
possible additional review.   Authorization 
for impact to prime farmland soils (if 
applicable) 

Electrical Service Lines Sam Houston Electrical 
Cooperative (SHECO) 

N Initiate discussion as to what will be 
needed for electrical service to LBITP 
facilities. Initiate discussion with SHECO. 

Public Drinking Water Supplies 
(Chapter 290) 

Texas Commission on 
Environmental Quality (TCEQ) 

N TCEQ Public Drinking Water Supply 
Section rules will apply to purification plant 
expansion or modification.  Chapter 290 
Rules apply to the drinking water 
purification plant.   

TCEQ Section 401 State Water 
Quality Certification  

Texas Commission on 
Environmental Quality (TCEQ) 

N TCEQ will conduct 401 State Water 
Quality Certification review as part of the 
Section 404 Permit Review process. Part 
of Section 404 Permit Review. 

Water Rights Permit (Texas Water 
Code Chapter 11, Texas 
Administrative Code Chapters 288, 
295, 297)  

Texas Commission on 
Environmental Quality (TCEQ) and 
various agencies 

Y Water Rights permits have been obtained 
and are issued to City of Houston.   Water 
Use Permit No. 5826 

Certificate of Adjudication 08-4621, as 
amended. 
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Permit Issuing Entity Permit Acquired (Y/N) Comments 

Texas Pollutant Discharge 
Elimination System (TPDES) 
General Number TXR150000 
Relating to Storm Water 
Discharges Associated with 
Construction Activities 
(Construction General Permit) 

Texas Commission on 
Environmental Quality (TCEQ) 

N Prepare Storm Water Pollution Prevention 
Plan (SWPPP) and Notice of Intent (NOI).  
Submit NOI and fee to TCEQ prior to 
beginning of construction activities.  
Include SWPPP requirements in 
contractors’ bid packages.  Application 
will need to be filed prior to construction 
start. 

TCEQ/TPWD Bed and Banks 
permit for Trinity River and Lake 
Houston  

Texas Commission on 
Environmental Quality (TCEQ) / 
Texas Parks and Wildlife 
Department (TPWD) 

N Bed and banks authorization needed if 
project will transport water using a state 
watercourse. Reviewed as part of TCEQs 
water rights permitting process 

Agricultural issues consultation Texas Department of Agriculture 
(TDA) 

N Agency review of prior converted 
cropland and prior converted wetlands 
from TDA as well as USDA / NRCS. 
Agency reviews for LBITP will be needed. 

TxDOT permit and easements 
within and for roadway crossing 
construction.  Right-of-Way and 
Transportation access. 

Texas Department of 
Transportation (TxDOT)  

N TxDOT has other requirements that will 
apply to the project (e.g., signage, 
barriers, temporary road closures, traffic 
control).  Utility Installation Request Form 
1082.   

Application will need to be filed prior to 
construction start. 

GLO Miscellaneous Easement for 
state-owned lands and waterways 

Texas General Land Office (GLO) N Per GLO, state may consider reduced 
easement fees.  Recommend contacting 
GLO to discuss project. Application will 
need to be filed prior to construction start. 

The General Land Office has authority to 
grant easements for rights of way across 
navigable waterways or state-owned lands 
and stream beds. 
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Permit Issuing Entity Permit Acquired (Y/N) Comments 

Cultural Resources  
(SHPO / Section 106 Review)  

Texas Historical Commission (THC) N Archeological Investigation conducted 
under Archeology Permit No. 5082.  
Archeological resources were identified.  A 
plan to address potential archeological 
resources will need to be developed and 
approved by state and federal agencies.  

Texas Parks and Wildlife 
Department Revenue Sand Permit  

Texas Parks and Wildlife 
Department (TPWD) 

N If the stream is perennial (flows most of 
the time), or is more than 30 feet wide 
between the banks (even if it is dry most 
of the time), the State claims the bed and 
the sand and gravel in it as State-owned. 
A permit from the Texas Parks and 
Wildlife Department is required to "disturb 
or take" streambed materials from a 
streambed claimed by the State. 

An application must be filed with the 
Department, including information on the 
size of the stream, the nature of the banks 
and the bed of the stream, the amount of 
material to be disturbed or removed, the 
adjacent landowners, and the probable 
effects on the stream and its other users. A 
fee, ranging from $250 to $1200 must 
accompany the application. The Department 
evaluates the probable impact to the 
environment of the activity, and grants a 
permit if no significant damage is 
anticipated. Individual permit applications 
require a hearing before the permit is 
issued. 

Texas Public Utility Commission 
electrical power distribution system 
installation permit  

Texas Public Utility Commission 
(PUC) 

N 

(Responsibility of 
SHECO.) 

CWA initiate discussions with SHECO 
regarding electrical service. 
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Permit Issuing Entity Permit Acquired (Y/N) Comments 

Authorization for construction near 
oil and gas wells (if needed) 

Texas Railroad Commission (RRC) N/A RRC does not have specific permitting 
requirements that would apply to the 
LBITP.  Notification to affected property 
owners / operators recommended. 

Environmental Review Texas Water Development Board 
(TWBD) 

N Environmental review is part of the TWBD 
funding process. TWBD will review and 
adopt the USACE Record of Decision. 

Permit under Section 10 of the 
Rivers and Harbors Act of 1899 and 
Section 404 of the Clean Water Act 

United States Army Corps of 
Engineers (USACE) – Galveston 
District 

N 

CWA Department of the 
Army Permit application 

submitted to USACE 
Galveston District 

(SWG-2009-00188) 

USACE 404 Permit application has been 
submitted and is in progress.  New 
requirements for stream impact and 
mitigation may affect the project.  This 
should be addressed as part of the 404 
review process. 

Invasive species management may need 
to be addressed for the project. 

Golden and Bald Eagle Protection 
Act 

Migratory Bird Treaty Act 

United States Fish and Wildlife 
Service (USFWS) 

N Bird habitat impacts.  Potential affect on a 
bald eagle nest tree may require 
coordination with USFWS.  

Project routing may have potential affect 
on heron rookery. May required 
coordination with USFWS and Texas 
Parks and Wildlife Department. 

USEPA Clean Water Act 
Requirements 

United States Environmental 
Protection Agency (USEPA) 

N No Indian lands have been identified for 
the project.  USEPA review will be 
conducted as Part of Section 404 Permit 
Review process.  There may be some 
exception, but if all the construction is 
within Texas, State TPDES permits 
should cover activities, unless on Indian 
Lands.    
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Purzer, Mary

From: Sarah McKinley [Sarah.McKinley@ferc.gov]
Sent: Wednesday, April 11, 2012 7:24 AM
To: Purzer, Mary
Subject: RE: FERC permitting requirements 

Mary: 
 
Staff got back to me with this answer: 
 
This is treated as one utility company needing to cross the Enstor facilities.  The water utility needs to work it out with 
Enstor.  We won’t be involved unless Enstor decides it needs to move any of its facilities to accommodate the water 
company’s facilities.  If that is the case, then Enstor may need to file something at that point.  But we’re not involved now.  
 
I hope this is helpful. 
 
Sincerely, 

Sarah McKinley  
Office of External Affairs  
Federal Energy Regulatory Commission  
888 First Street NE  
Washington, DC 20426  
202-502-8368  
FAX 202-208-2106  
sarah.mckinley@ferc.gov 
Follow us on Twitter  & Facebook  

  

 

From: Purzer, Mary [mailto:Mary.Purzer@aecom.com]  
Sent: Tuesday, April 10, 2012 3:33 PM 
To: Sarah McKinley 
Subject: FERC permitting requirements  
 
Sarah:   Thanks for talking with me today about potential FERC permitting requirements for the Luce Bayou Interbasin 
Water Transfer Project (LBIT).  I am working on the permit requirements section of the Draft EIS for the project.   The 
proposed project will include construction of a pump station on the Trinity River at Capers Ridge and construction of a 
water transfer canal through Liberty and Harris Counties to a discharge point at Lake Houston.   A portion of the 
proposed project is near the ENSTOR Hub in Liberty County which is under FERC’s jurisdiction.  What I am needing to 
find out is if there are FERC permitting or approval requirements for the Luce Bayou Interbasin Water Transfer project.  
Although the proposed canal route is not on the ENSTOR Hub storage facility, the canal may cross gas lines related to the 
ENSTOR facility.  Please have the appropriate person contact me regarding FERC permitting / approval or notice 
requirements that would need to be addressed for the LBIT project.    Thank you, MLP  
  
  
  
Mary L. Purzer, P.E. 
Project Manager 
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713.267.3147 voice 
713.267.3110 fax  
281.814.7318 cell 
mary.purzer@aecom.com  
AECOM  
5757 Woodway, Suite 101 West 
Houston, Texas 77057-1599 
T 713.780.4100  F 713.267.3110 
www.aecom.com  
The information contained in this transmission is a confidential communication intended for the use of the individual or 
entity named above.  If the reader of this message is not the intended recipient, you are hereby notified that any 
dissemination, distribution, or copying of this communication is strictly prohibited.  

 Please consider the environment before printing this e-mail.  
  
  
  



 

 

AECOM 
5757 Woodway, Suite 101W 
Houston, Texas  77057 
www.aecom.com 

713 780 4100 tel 
713 267 3110 fax 

Record of Contact 

  
On January 31, 2012 contacted Robert Litz (City of Houston Permits Office – Water Quality) to inquire 
about the City of Houston’s (city) permitting requirements as related to the Luce Bayou Interbasin 
Transfer project.  In particular, inquired about the city’s permit requirements for discharge structures 
into Lake Houston.  Mr. Litz said he would check on the city’s requirements and call me back by 
Friday, February 3. 
 
On February 3, 2012 Mr. Litz telephoned me to discuss the city’s permit requirements.  He stated that 
the project would most likely need a dredging permit (fees ~ $200 - $300) and an associated permit 
from the city’s floodplain section (fees ~ $300).  The main focus of the application is to identify where 
the dredge material will be deposited.  It cannot be deposited in the floodplain.  An approximation of 
the cubic yards of materials to be removed will be needed for the applications.  He will fax a permit 
application form next week.   
 
 

Subject  

Telephone Conference 
City of Houston Permits  Page 1 

Project Reference 

Luce Bayou Interbasin Transfer Project 
Project No. 60236806.10000 

  
Date January 31 and February 3; 2012  

Contact 

Robert Litz 
City of Houston  
Department of Public Works and Engineering 
281-324-1816 (Direct Line 281-324-2979) 

    

Prepared By Mary L. Purzer, PE 

cc 

 
 



 AECOM 
5757 Woodway, Suite 101W 
Houston, Texas  77057 
www.aecom.com 

713 780 4100 tel 
713 267 3110 fax 

Record of Contact 

  
Contacted Alisa Max (Group Manager, Harris County Watershed Protection Group) to inquire about 
the Harris County storm water permitting requirements as related to the Luce Bayou Interbasin 
Transfer project.  AECOM is preparing the Draft Environmental Impact Statement (DEIS).  Ms. Max 
was contacted by phone to discuss the additional requirements post-construction requirements for 
post-construction controls in the Harris County storm water quality regulations.  The results of the 
discussion are summarized below: 
 
• Kelly Krenz briefly described the LBITP project which is a water supply transfer project and 

includes a 450 MGD pumping station on the Trinity River, a 3-mile long pipeline to a settling basin 
in Liberty County, a canal across Liberty County to Harris County which will discharge into Luce 
Bayou / Lake Houston followed by treatment at the City of Houston’s Northeast Water Plant.  

• Alisa Max stated that she thought the project had been discussed conceptually within Harris 
County.  She asked if there would be any construction in Luce Bayou (e.g., discharge structure, 
widening). 

• After further discussion, Ms. Max stated there would be 3 areas to consider from the Harris 
County permitting perspective.  

1. Construction Phase – Project will need a Storm Water Pollution Prevention Plan (SWP3) and 
TPDES Construction General Permit coverage 

2. Permanent features (post-construction) – This type of project is not a typical project under the 
Harris County regulations which are more at subdivision-type development.  The project may 
need another settling basin / area in Harris County, prior to discharging into Luce Bayou.  
John Blount, Harris County Director of Water and Engineering would need to be consulted 
about the project and the county’s requirements.  

3. The quality of the water coming into Luce Bayou from the project would need to be evaluated 
to make sure that it was not a source of pollutants.  

Subject  

Telephone Conference 
Harris County- Storm Water Permitting Requirements  Page 1 

Project Reference 

Luce Bayou Interbasin Transfer Project 
Project No. 60236806.10000 

  
Date December 13, 2011; ~ 11 AM 

Contact 

Alisa Max, PE 
Harris County Watershed Protection Group Manager 
713-685-7351 

    

Prepared By Mary L. Purzer, PE 

cc 

 
 



ROC - Harris County- Storm Water Permitting Requirements 
Page 2 

  

• Ms. Max further stated that the project would need also need a Harris County-issued 
development permit.   

• Ms. Max also suggested contacting the City of Houston to determine if the city has sediment 
basin requirements in their Lake Houston rules that would apply to the project.  The city’s 
requirements may help meet requirements for the county.   

• Ms. Max stated that as the project moves further along, a meeting with her group would be 
advised to discuss more specifically what the county would require.   



 

 

AECOM 
5757 Woodway, Suite 101W 
Houston, Texas  77057 
www.aecom.com 

713 780 4100 tel 
713 267 3110 fax 

Record of Contact 

  
On April 10, 2012 contacted Jennifer Purnell, Permit Clerk for Liberty County to inquire about the 
County’s  permitting requirements as related to the Luce Bayou Interbasin Transfer project.  Ms. 
Purnell provided a copy of the County’s Permit Guide by email.  A follow-up call was made to Ms. 
Purnell because the Permit Guide covered residential development, but not projects of the type for 
Luce Bayou.  She said she would check with the County Engineer, Louis Bergman. 
 
On April 12, 2012 a follow-up call was made to Mr. Bergman.  He stated that the County’s Drainage 
Criteria would apply to the project.  He also stated that County approval was needed for crossing 
County roads and the current fee is $2,500 per crossing.  The county will need to review the 
construction plans for the project and for the pump station and maintenance facility.  Water well and 
onsite sewerage facility permit requirements would also apply.  The county also has requirements for 
mitigation for the construction in the floodplain.    
 
 

Subject  

Telephone Conference 
Liberty County  Page 1 

Project Reference 

Luce Bayou Interbasin Transfer Project 
Project No. 60236806.10000 

  
Date April 10 and 12, 2012  

Contact 

Liberty County Engineering and Permits Department 
Jennifer Purnell - Permit Clerk 
Louis W. Bergman, III, PE – County Engineer, Floodplain Administrator 
936-336-4558 

    

Prepared By Mary L. Purzer, PE 

cc 
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Department of Public Works & Engineering 
Planning & Development Services Division 

 
SIDEWALK –DRIVEWAY CURB & GUTTER – CULVERT PARKING LOT 

PERMIT APPLICATION 
 

Form No: CE-1023 06/27/11 Public Works & Engineering Page 1 of 1 

 
This is a permit application for a Sidewalk-Driveway-Curb-Gutter-Culvert-Parking lot within the city limits of Houston, Texas.   

 
 
PROJECT NUMBER*: ______________________________________   DATE: ____________________________ 
 
JOB SITE:   
Owner or Contractor*: ____________________________________________ Cost of Improvement: $_______________________ 
 
Job Address*: __________________________________________________ City*: _____________________ Zip: ____________ 
 
Email: _________________________________ Fax*: __________________  Phone No*: ________________________________ 
 
I hereby apply for a permit to do the following work in front of and on, property  
located at: __________________________________________________Street,  
which is between __________________________________________________  
and _______________________________________________________ Street. 
 
Sidewalks:  
Width: _______ft.  Length: _______ft.  Street: ___________________ 
Width: _______ft.  Length: _______ft.  Street: ___________________ 
Width: _______ft.  Length: _______ft   Street: ___________________ 

 
Driveways:  
Width: _______ft.  Length: _______ft.  Street: ___________________ 
Width: _______ft.  Length: _______ft.  Street: ___________________ 
Width: _______ft.  Length: _______ft.  Street: ___________________ 

           
 
 
PARKING AREA:  (Sq. Ft.) ________________________________________  
 
Surface Material:  _____________________________________________________________________________________________ 
 
Sidewalk, Driveway, Curb and Gutter Bond Number: _________________________________________________________________  
 
NOTES:  
 

1. No culvert pipe of less than the inside diameter of the nearest upstream culvert pipe shall be installed. In no case will culvert 
pipe of less than 24” RCP/HDPE (inside diameter) be allowed.  Refer to the Public Works drawing No. 02754-02.   

 
2. Driveways are prohibited when abutting a local street where there is less than 20 feet of unobstructed depth from the right-of-

way to any obstruction. 
 
3. All parking lots require Storm Drainage approval. 
 
4. Driveway for curb & gutter street: Use Public Works and Engineering drawing No.02754-01B. 
 
5. Radius should not pass the property line. 

 
I certify that I have a contract to do the work listed above, which I will construct in strict accordance with the ordinances of the City of 
Houston and on the line and grades as established by the Director of Public Works 
 
LONG RUN CULVERT PIPE: The culvert pipe in excess of the normal maximum 40 foot wide driveway culvert requires a submittal of a 
plan and profile type drawing prepared by an engineer licensed in the State of Texas to the Engineering Service Office at 1002 
Washington Avenue, 2nd Floor.  See the C.O.H. Design Manual Chapter 9, as applicable to site specific requirements. 
 
APPLICANT INFORMATION: WARNING! Any false statement hereon may result in criminal prosecution; the city will rely upon the representations on 
the application in issuing the permit applied for; the issuance of a permit does not authorize construction on or use of a property in violation of deed 
restrictions, and any construction on or use of the property in violation of deed restrictions render the permit void. 
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Contact:

Address:

E-Mail:

Phone #:

Required  

Yes    No
SWQ FEATURE:

No Review Required

Reviewed By:

No Review Required

Reviewed By: Date: Date:

FLOOD CONTROL REVIEW
STORMWATER QUALITY 

REVIEW
DEVELOPMENT REVIEW TRAFFIC/OTHER REVIEW

Date:Reviewed By:

No Review Required

Date:

COMPLETE ALL FIELDS AS REQUIRED
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10555 Northwest Freeway - Suite 170 - Houston, TX 77092      Main Phone: 713-956-3000     Monday-Friday 8:00am - 4:00pm

Fire Code 
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SITE DEVELOPMENT REVIEW/PERMIT APPLICATION

Amt. Paid:

Reviewed By:

Updated Signature Needed

Project

Name:

Address:

City,ST,Zip:

HCAD#

HCAD#

Legal Description (Attach HCAD printout if needed)

New Service Offered – No permit appointments necessary.  Permits to be processed with plan approval.

Date paid:

Receipt #:

THIS CANNOT BE CHANGED

ALL INFORMATION IS MANDATORY FOR PERMIT TECHNICIAN TO PROCESS PERMIT(S)

P

R

O

P

 

O

W

N

E

R

(THIS SHEET MUST ACCOMPANY ALL SUBMITTALS THROUGHOUT THE APPROVAL PROCESS)

OWNER 

NAME: E-Mail:

Phone #:

City, ST, Zip:

OWNER 

Address:

Agent/ 
Company

Other:

In Un-Incorporated Harris County

Engineering 

Firm Name:

Yes, my client wants permits upon plan approval / must include estimated cost of civil construction $

Y N 



New Submittal Revision#1 Revision#2 Revision#3 Re-Design

Check applicable:

Sitework

Material: Feet Subdivision

Nearest Cross street name: RV Park

N S E W Motorhome Park

Other

Material: Feet

Nearest Cross street name:

N S E W

Material: Feet Yes No

Nearest Cross street name:

N S E W

Material: Feet

Nearest Cross street name:

N S E W

Material: Feet

Nearest Cross street name:

N S E W

Signature  (APPLICANT/AGENT/ATTORNEY) Date

Applicant#: Permit Tech:

Request#: Approved by: Application Fee:

Property#: Date: Code:

Clerk: Violation#: Inspection Fee:

Vio. Date: Code:

Distance from Cross Street

Distance from Cross Street

Distance from Cross Street

Distance from Cross Street

Cost $

Number of Spaces

Number of Lots

Est. Constr. Cost $

SITE DEVELOPMENT REVIEW/PERMIT APPLICATION
10555 Northwest Freeway - Suite 170 - Houston, TX 77092      Main Phone: 713-956-3000     Monday-Friday 8:00am - 4:00pm

(Circle One)

Driveway - Curb Cut/Culvert # Width

Date:

Detention Pond Receipt#

Storm Water Quality Receipt#

Harris County Comments:

Number of Spaces

(Circle One)

Driveway - Curb Cut/Culvert # Width Linear Ft.

Cashier:

Direction of driveway in relation to nearest cross street:

(Circle One)

Service Request:

Develop 
Number

Date paid:

DRIVEWAYS

Receiving Permit Tech: Records

Version Aug 2011 http://hcpid.org/permits/

All development and driveway construction must be completed in accordance with the Regulations of Harris County, Texas for Flood Plain Management (Adopted 8-28-97) and the Regulations of Harris County for

the Construction of Driveways and/or Culverts on County Easements and Rights of Way. This application is valid only for property located in the Unincorporated Areas of Harris County, Texas. The Owner hereby

acknowledges and agrees to be strictly bound to Commissioners’ Court of Harris County in ensuring that all provisions, conditions and requirements attached to the issuance of the development permit(s) under

the Regulations of Harris County, Texas for Flood Plain Management and driveway permit(s) under the Regulations of Harris County for the Construction of Driveways and/or Culverts on County Easements and

Rights of Way will be faithfully and fully complied with.

The Owner understands and agrees that the County Engineer may make scheduled or unscheduled inspections of the property upon the issuance of the permit. The Owner acknowledges that the driveway

construction must be inspected before the concrete is poured and after it is finished. The Owner is aware that pursuant to Chapter 352 of the Texas Local Government Code, the County Fire Marshal may, in the

interests of safety and fire prevention, inspect certain structures for fire hazards. If the Owner is a corporation, partnership or other legal entity other than a natural person, then the undersigned acting as the

authorized representative of said entity will be responsible for ensuring the entity’s compliance with all provisions, conditions and requirements of the development and driveway permit. 

THIS PERMIT APPLICATION DOES NOT  BECOME VALID UNTIL PLANS ARE APPROVED

Print Name Above   (APPLICANT/AGENT/ATTORNEY)

DO NOT WRITE BELOW THIS LINE - HARRIS COUNTY OFFICE USE ONLY

Driveway - Curb Cut/Culvert # Width Linear Ft.

(Circle One)

Driveway - Curb Cut/Culvert # Width

Direction of driveway in relation to nearest cross street: (Circle One)

If Yes, provide license #

(Circle One)

____________ (Initials Required) The owner acknowledges that fill placed on subject land is in such manner so as not to flood or otherwise damage any land adjoining

or near the land in which the fill is placed. The owner further acknowledges that he or she has read Section 11.086 of the Texas Water Code Annotated and is familiar

with the provisions of said statute.

AFFIDAVIT (If Required)

Must provide Affidavit receipt# from County Clerk Office Here.

NEED TO CONFIRM, FIRST
Is Septic System License/Permit Secured

Linear Ft.

Direction of driveway in relation to nearest cross street: (Circle One)

Driveway - Curb Cut/Culvert #

Updated Signature Needed

CIVIL DEVELOPMENT

Linear Ft.

(Circle One)

(Circle One)

Direction of driveway in relation to nearest cross street:

Direction of driveway in relation to nearest cross street:

Width Linear Ft.

(Circle One)

Distance from Cross Street



Home Compliance Inspections Permits Platting Plan Review Recor

 All forms on our site can be found here. 
 

All Regulations  
Subject File Type

Floodplain Management Regulations

Harris County Road Law

On-site Sewage Facilities Regulations

ETJ (Extraterritorial Jurisdiction) Sign Regulations

Toll Road Sign Regulations

Construction in Harris County or HCFCD ROW Regulations

Driveway Regulations

Fire Code Regulations

Infrastructure (Subdivision) Regulations

Water Well Regulations

Storm Water Quality Regulations

Location of Communications Facility Structures Regulations

Licensing of Junkyards, Automotive Wrecking and Salvage Yards

LID Design Criteria (2011)

  

Policy Documents  

Subject File Type

Fee Schedule

Zoning/Occupancy Letter

Change of Address Form

  

Compliance Section  

Subject File Type

Chapter 11.086 Water Rights - Fill on Private Property (with Affidavit)

Release of Power

Records Section

 Welcome to Records 

 Regulations, Standards & 
Details

 Documents & Links

 Request for Public 
Records

All Regulations, 
Documents & Forms

 Information on My 
Address

 

 

All Regulations, Documents & Forms
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Acceptance Section  

Subject File Type

Infrastructure Regulations

Checklist for Acceptance Submittal

Requirements for Record Drawings

Request for Initial Inspection

Statement of Substantial Compliance

Testing Laboratory Summary Forms

Directive for Financial Assurance Form

Submerged Storm Sewer Agreement Form

 

Civil Development Plan Review  

Subject File Type

Right-of-Way Regulations (2009)

Driveway Regulations

Landscape Regulations Information Package

Revised Floodplain Management Regulations

Subdivision Regulations

Notification Regulations - 2009

City of Houston Infrastructure Design Manual

Project Review Routing Form

Paving Over Storm Sewer Agreement

Submerged Storm Sewer Agreement

MUD Maintenance Agreement

Chapter 11.086 Water Rights - Fill on Private Property (with Affidavit)

Notice of Detention Requirements Form

Drainage Report Routing Sheet

Express Review Sheet version 12  / 

Alley Standard

Driveway 1 commercial sidewalks, driveways - November 15, 2005

Driveway 2, monolithic driveways - November 15, 2005

Driveway 3, residential sidewalks, driveways - November 15, 2005

Driveway 4

Curb Ramp Detail

Pavement Marking Detail (click on File Type to open)  / 

Subdivision Standard Paving Detail (click on File Type to open)  / 
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All Users Bond - October 2004

Perpetual Bond - 2005

Notice Application for Right-of-Way Construction

48 Hour Pre-Construction Notification

Electronic Submittal Guidelines

 

Commercial Permit Section  

Subject File Type

Floodplain Regulations

Driveway and Culvert Regulations

Licensing of Junkyards and Automotive Wrecking and Salvage Yards

Salvage Yard License Application

Fee Schedule

Change of Address

As-Built Certification

Commercial Permit Application

Elevation Certificate

Chapter 11.086 Water Rights - Fill on Private Property (with Affidavit)

Notice of Detention Requirements Form

Driveways and Culverts Application

Floodplain Notes

Traffic Control Plan General Notes

Storm Information Package

 

Fire Code  

Subject File Type

Express Lease Space Flyer

Express Fire Code Application

Regulations & Amendments (July 1, 2008)

FMO 316.01 Temporary Food Vendors, Festivals & Theatrical 
Performances

FMO 1908 Wood Waste and/or Recycling Facilities

FMO Gated and Non-Gated Facilities

Assisted Living Facilities

Certification of Fire Protection Services

Commercial Establishment - Change of Ownership

Dry Cleaners
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Dry Hydrant

Electronic Locking System

Express Fire Code Review

Fire Alarm Surge Protectors

Fire Alarms in Daycare Facilities

Fire Code Review for Water Treatment Plants

Fire Lanes for Water Treatment Plants

High Rise Condominiums

Modular Sales Offices

Phased Occupancy

Relocated / Temporary Classroom Buildings

Requirement for Consultant Engineer

Sprinkler Riser / Fire Alarm Panel Rooms

Standby Power for Fire Pumps

Swimming Pool Enclosure - Emergency Egress

Temporary Construction Trailers

Townhouses

Plan Review / Routing Procedures

Revisions Procedures

Fire Code Review Sheet (instructions)

Fire Code Application

Fire Code Sheet Version 5.0 (Click either Icon to open)  / 

Fire Lane Layout, General Requirements & Approved Sign (click on File 
Type to open)  / 

High Piled Storage Form

Hazardous Material Information Sheet (Report Form)

Hazardous Material Information Sheet (Summary Form)

Fire Flow Calculator

Fire Sprinkler Systems

Fire Alarm Systems

Fixed Extinguishing Systems

Standpipe / Wall Hydrant Systems

Fire Protection Application (click on File Type to open)  / 

Dry Hydrant Example Sheet (click on File Type to open)  / 

Dry Hydrant Design Worksheet

AFAA Alarm Fire Alarm Symbols (click on File Type to open)  / 

AFAA NAC Circuit Calculator
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AFAA Battery Calculator

Focus on Fire Protection

Quality Guide for Fire Alarm

Electronic Locks Procedures

Fire Protection and Electronic Locks Application (click File Type to open)  / 

Electronic Lock Symbols (click on File Type to open)  / 

One-Line Diagram

Fireworks Stand Procedures

Commercial Permit Application

 

Floodplain Management  

Subject File Type

Floodplain Management Regulations

Chapter 11.086 Water Rights - Fill on Private Property (with Affidavit)

Elevation Certificate

As-built Certificate

Residential Permit Application

Homebuilder Permit Application

Commercial Permit Application

Notice of Detention Requirements Form

 

Floodplain Management Section - Cypress Creek LOMR 2008  

Subject File Type

Commissioner's Court Approval Letter

Cypress Creek LOMR Exhibit

FIS Data Tables

FIS Profiles

GIS Shp Files

Example of Elevation Certificate

 

Platting Section  

Subject File Type

Driveway Regulations

ETJ Sign Regulations

Chapter 11.086 Water Rights - Fill on Private Property (with Affidavit)

Fire Code Regulations

Notification Regulations
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On-Site Sewage Facilities Regulations

Floodplain Management Regulations

Harris County Road Law

Infrastructure (Subdivision) Regulations

Water Well Regulations

Fee Schedule

Plat Review Requirements for No ETJ or Other ETJ's

No Zoning Letter

Helpful Phone Numbers to Other Municipalities

 

Private Development Inspection  

Subject File Type

Floodplain Regulations

ETJ and Scenic Sign Regulations

Toll Road Sign Regulations

Scenic District Map

Landscape Regulations Information Package

Elevation Certificate

As-Built Certificate

 

Residential Permit Section  

Subject File Type

Floodplain Regulations

Driveway and Culvert Regulations

Fee Schedule

Change of Address Form

As-built Certification

Residential Permit Application

Elevation Certificate

Homebuilder Permit Application

Chapter 11.086 Water Rights - Fill on Private Property (with Affidavit)

Notice of Detention Requirements Form

Residential Driveways and Culverts Application

Floodplain Notes

Site Plan Example

Foundation Plan Example

Agricultural Affidavit
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Right-of-Way Inspection  

Subject File Type

Construction of Driveways and/or Culverts on County Easements

Construction Within Harris County and HCFCD Rights-of-Way

Driveway and Culvert Permit Application

Notice Application for Right-of-Way Construction 

Inspection Request Fax Form

Bond Form

Perpetual Bond Form

 

Road Law (Over-height, Over-weight and Over-length Permit 
Documents)  

Subject File Type

Harris County Road Law

Application

Bond Form

TxDOT Load Restricted  Bridge Map

  

Sign Permitting Section  

Subject File Type

Commercial Signs Flyer

Signage Application

Scenic Map

Scenic Signage  

Area of a Sign

Quantity

Requirements

Map of Scenic Area

Commercial Signs Flyer

Application

Example of a Site Plan Submittal

Toll Road Signage  

Toll Road Signage Regulations

Area of a Sign

Requirements

Commercial Signs Flyer
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Application

Example of a Site Plan Submittal

ETJ Signage  

ETJ Signage Regulations

Area of a Sign

Quantity

Requirements

2008 Major Thoroughfare and Freeway Plan

Commercial Signs Flyer

Application

Example of a Plan Submittal

 

Storm Water Quality  

Subject File Type

SWQ Regulations (2011)

Guidance Manual for New Development / Redevelopment (2004)

SWQ Guidelines for Harris County Linear Projects  (8-21-07)

LID Design Criteria (2011)

HCFCD Revised Floatable Screen (Acad 2004)  / 

SWQ Review Sheet

Example SWQMP Manual (Dec. 2005)

SWQMP Checklist

Example SWPPP Manual (Dec. 2005)

SWPPP Checklist

SWPPP Detail Sheet  (click on icon to open desired file type)  / 

Industrial Activity Certificate vs SWPPP Construction Activity

Approved Features

SWQ Plan Review

Proposed Applicability Chart

Acceptable Urban Forestry Criteria

Urban Forestry Overview

Cut Sheet Information

Urban Forestry Design Sheet (Click on File Type to select)  / 

Acquiring a New SWQ Permit

Renewing / Transferring a SWQ Permit

Application Form

SWQ Affidavit to the Public

Page 8 of 10Permit's All Docs and Forms



Annual P.E. Inspection Certification Form

Annual Permittee Certification of Proper Operation Form

SWQ As-built Certification Form

Example of SWQ MUD Letter

SWQ Permits FAQ

Acquiring a New SWQ Permit

Renewing / Transferring a SWQ Permit

 

Storm Water Quality Inspection  

Subject File Type

SWQ Regulations (2011)

Guidance Manual for New Development / Redevelopment (2004)

SWQ Guidelines (08-21-07)

Example Notice of Inspection

Example Notice of Violation

As-built Certificate Checklist (SWQ)

As-built Certificate (SWQ)

 

Wastewater Permit Section  

Subject File Type

Wastewater Regulations

Holding Tanks Memo

Title 30 TAC CH285

Aerobic Treatment Units (ATU) in Impaired Watershed Policy

30-Day Average Interpretation in Impaired Watersheds - Legal Opinion

Acknowledgement of Testing Requirements

OSSF Affidavit to the Public

OSSF Permit Application

OSSF Property Owners Statement (licensed system)

OSSF Property Owners Statement (unlicensed system)

Site Evaluation
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Please Click Here to contact the Webmaster concerning problems with this website. 
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STORMWATER QUALITY REQUIREMENTS 
 
You may not need to file state or federal permit documents but stormwater regulations 
apply to all construction sites. 
 
What you need to know: 
 

1. Under Chapter 47-741(a)  of the City of Houston Code of Ordinances, “A person 
commits an offense if the person threatens to introduce, introduces or causes to 
be introduced into the MS4 any discharge that is not composed entirely of storm 
water.” 

2. Definition of MS4 is: “Municipal separate storm sewer system  or  MS4  shall 
mean the system of conveyances owned or operated by the city or any co-
permittee of the city that is designed or used for collecting or conveying storm 
water. “ 

3. Stormwater Pollution Prevention Plans (SWPPP) identify specific measures and 
plans of action for control of discharges for a specific site.  SWPPP are required 
for projects with disturbed areas greater than 1 acre. 

4. All construction sites (no matter the size) must have measures in place at all times 
during construction to control site runoff, sediment to inlets or ditches, mud 
tracking on pavement.  Even those sites not required to submit permit applications 
or SWPPP, must comply with City Ordinance. 

5. City of Houston Storm Water Quality Inspectors are charged with enforcement of 
the stormwater regulations and will investigate complaints or inspect any 
construction site for compliance. 

6. A Notice of Violation (NOV) is issued on a first visit.  This is NOT a citation but 
a notice to the responsible party at that site that compliance with the Stormwater 
Quality Regulations is required or Municipal Citations will be issued. 

7. More information on these requirements are available on line at: 
a. Chapter 47 of the City of Houston Code of Ordinances 

http://library7.municode.com/default-
test/home.htm?infobase=10123&doc_action=whatsnew 

b. PWE website for Stormwater Permit documents: 
http://documents.publicworks.houstontx.gov/document-center/storm-water-
quality/index.htm 

c. Clean Water/Clear Choice: 
http://www.cleanwaterways.org/ 
 

 
 



 
Rev. 1/1/2012 

CITY USE ONLY 
 Permit Issuance 

PERMIT No. _________________________ 

RENEWAL No. _______________________ 

PERMIT EFFECTIVE DATE: ____________    

PERMIT RENEWAL DATE: _____________   
 
_______________________________________  ________________ 
     Storm Water Quality Engineer     Date 

 
CITY OF HOUSTON 
Storm Water Quality Management Plan     NEWPERMIT($335.49) 
Application for Permit       RENEWAL($180.64) 

                                   AMENDMENT($180.64) 
If Amendment or Renewal, previous COH Storm Water Quality Permit Number ___________________ 

Receipt Fee # ___________________ (copy enclosed) DATE of this Application ___________________ 

Project Name: ____________________________________________________  DATE of Permit Expiration _________________ 
GIMS Map #  FIRM Panel #  FIRM Panel Date  

Key Map #  Flood Zone Type  BFE (for Zone AE)  

Type of SWQ Structural Controls     
 

 Provide the latitude and longitude of each structural control.  (Attach additional latitude and longitude data, if needed.) 
 Latitude (Deg/Min/Sec): ( ) ( ) ( )   Longitude (Deg/Min/Sec): ( ) ( ) ( )  

 
1) OWNER’S NAME:        Phone Number:      

E-MAIL:          Fax Number:      

Mailing Address:              

NAME OF LOCAL CONTACT, IF DIFFERENT THAN OWNER:         

Mailing Address:       Phone Number:      

Fax Number:    Cell Phone Number (if available):   E-MAIL:     

2) LOCATION: For all locations, provide property address or location description and attach a vicinity map.  
Property Address / Location Description:   
               
 
Complete the following as appropriate. 
If located in a subdivision: 
               
Name of Subdivision     Section No.  Block No.  Lot No. 
If not located in subdivision: 
               
Name & No. Of Survey/Abstract         Acreage 

 
Submitted with this Application are the following: 
 Construction Drawings  Drawings for structural controls, their maintenance and operation 
 Final / Preliminary Plat Application  Notice of Storm Water Quality Requirements 
 Engineer’s Certification  Proposed Bonding Information including cost estimates for structural controls 
 Owner’s Affidavit  Drawings for Construction Site Activities 
 Fee  SWQMP Including Operation and Maintenance Requirements 

  Other (please specify)  Include inspection documents (pictures, manifest) 
 

 

 
Supply the following information as applicable/ available: 

 
Plat Application No. (for all plans including platting or replatting of single family residences) 

 
PWE Drawing No.  (for all plans requiring construction in public ROW or easements) 

 
Building Permit No. (for all development on private property)  

 Date of NOI. (for all plans requiring an NPDES or TPDES Construction Permit.  NOI must be attached.) 
 TCEQ Construction Permit No.  (Attach copy of TCEQ Acknowledgement Certification for the TPDES 

Construction General Permit or an individual permit, if available.) 
 
Notice: This application is required by Art. XII, Ch. 47 of the City of Code of Ordinances governing Storm Water Protection.  The 
applicant hereby agrees to comply with the Code of Ordinances which includes the following conditions: 
1. This permit expires on the above expiration date. 
2. Owner will submit renewal application not more than 30 days, nor less than 5 days, prior to the date of permit expiration.  Failure 

to renew the permit may result in enforcement action including, but not limited to, stop work orders, revocation of certificate of 
occupancy, money damages, fines, or any combination of administrative, judicial, or criminal penalties. 

3. The attached attestation (“Owner’s Affidavit”), certifies that the owner has read the maintenance and operation requirements for 
the storm water quality plan, and agrees to complete, or has completed the requirements described in the plan.   

 
The City may revoke this permit if the City Engineer determines that any information on this application is false.  The Owner must 
submit a revised application along with the appropriate Storm Water Quality Permit amendment fee to correct any errors.  This Storm 
Water Quality Permit is effective upon signature by the City’s Storm Water Quality Engineer, or his authorized representative. 
 
_________________________________________________________________ ___________________ 
Owner’s Signature        Date 
 
 
 
 
 
 
 
 
 
 
  



HARRIS COUNTY 

                      10555 Northwest Frwy Ste 120 Houston TX 77092-8615                            SWQ 01-001 
(713) 956-3000 
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STORM WATER QUALITY PERMIT APPLICATION 
 

1.   APPLICANT & OWNER INFORMATION    (Please print or type) 

Applicant Name___________________________________________________________Phone__________________________Fax_______________________ 

        Applicant Mailing Address ___________________________________________City ________________________ State _______Zip_______________  

Property Owner Name_______________________________________________________________________________________________________________ 

        Property Owner’s Mailing Address ________________________________________City ______________________ State_______ Zip_____________ 

        Property Owner E-mail_______________________________________________Phone______________________________Fax_____________________ 

2.   PERMIT STATUS (Check only one per form) 
[  ] New Permit, Provide HC Project # ________________     [  ] Renewal   [  ] Amendment   [  ] Transfer     Provide Permit No. _________________ 
[  ] Master Permit, Provide Permit No.’s to be Consolidated: _______________________________________________________________________________ 

3.   LOCATION OF PROPERTY 

Subdivision/Project Name___________________________________________________________Sec___________Blk_________Lot_________Res________ 

Street Address_________________________________________________ City ______________________________ State _________ Zip ________________ 

Acreage ___________________Survey Name __________________________________________________________ Abstract Number__________________ 

Property Tax Account Number _________________________ - _________________________ -_________________________-_________________________ 

4.   RECEIVING STREAM 
HCFCD Name and Unit No.: _________________________________________________________________________________________________________ 

5.   PERMANENT STORM WATER QUALITY FEATURE 

[  ] Dry w/ Detention [  ] Dry 10/100 Yr Trash Basin [  ] Oil/Grit/Trash Separator(s)  [  ] Vegetative Filter Strip(s) 

[  ] Wet w/ Detention [  ] Wet 10/100 Yr Trash Basin [  ] Trash Separator(s)     [  ] Grassy Swale(s) 

[  ] Inlet Inserts  [  ] Low-Impact Development   [  ] Combination          [  ] Other-Explain: _______________________________  

6.   DEVELOPMENT TYPE 

[  ] New Development    [  ] Significant Re-Development  [  ] Existing Development 

7.    MUNICIPAL SEPARATE STORM SEWER TYPE 
[  ] Detention Pond [  ] Flood Control Ditch   [  ] Open Ditch   [  ] Storm Sewer 

8.   STORM WATER QUALITY FEATURE OWNERSHIP TRANSFER INFORMATION (If Applicable) 
Upon Completion, Ownership of the Permanent Storm Water Quality Feature Will be Transferred To: _________________________________________ 
[  ] Property Owner (if other than current) [  ] HCFCD  [  ]  MUD [  ] Home Owner’s Assoc.  
 

FOR NEW PERMIT: Attach 1 copy of the Approved Plan Set (if approved before 11/1/2009), the original SWQ Affidavit, a copy of the 
NOI, and the fees.    
FOR PERMIT RENEWAL: Attach both completed original Annual Certification Forms and the fee. 
Additional information and forms: http://hcpid.org/permits/swq_welcome.html     
All development must be completed in accordance with the Regulations of Harris County, Texas for Storm Water Quality Management. 
 

The Applicant hereby acknowledges and agrees to be strictly bound to Commissioners’ Court of Harris County in ensuring that all provisions, 
conditions and requirements attached to the issuance of the Storm Water Quality permit(s) under the Regulations of Harris County, Texas for 
Storm Water Quality Management will be faithfully and fully complied with.   
 

The permit applicant understands and agrees that the County Engineer may make scheduled or unscheduled inspections of the property upon the 
issuance of the permit.  The applicant acknowledges that the Permanent Storm Water Quality Feature must receive a Final Inspection before a 
Certificate of Compliance can be issued.  If the permit applicant is a corporation, partnership or other legal entity other than a natural person, then 
the undersigned acting as the authorized representative of said entity will be responsible for ensuring the entity’s compliance with all provisions, 
conditions and requirements of the Storm Water Quality Permit. 
 

I, ___________________________________________________________________, the undersigned have carefully reviewed this application and my 
answers to all questions.  To the best of my knowledge, the answers are all true and correct. 
 

SIGNATURE of Applicant/Agent or Attorney__________________________________________________________________ Date____________________ 
 

Receiving Plan checking Cashier Date Application Received 
Applicant No. 
 

Planchecker 
 

SWQ # 
 

 
 

Request No. 
 

Approved By 
 

 
 

 
 

Property No. 
 

Date 
 

 
 

 
 

Clerk & Date Viol No. Receipt No.  
 



Obtaining a Harris County Storm Water Quality Permit 
 

L:\WATERSHED PROTECTION\Stormwater Group\PLAN REVIEW\Forms\2011 Draft Changes\Obtaining a SWQ Permit 
05.17.11.docx 

 
 
 

Consulting Engineer: 
 
In order to obtain a Storm Water Quality Permit for the project, the following items will 
be required: 
 

1. A completed and signed Storm Water Quality Permit Application.  Under 
“Location of Property,” the Street Address should include both the location 
number and street name. Under “Storm Water Quality Feature Ownership 
Information”, typically the “property owner” box should be checked. 

 
2. An affidavit stating the property owner’s commitment to comply with the Storm 

Water Quality Management plan and Harris County Regulations for Storm Water 
Quality Management.  It must be a notarized original document.  The County 
will record this document in the property records.  If the owner is an entity other 
than an individual; print the responsible individual’s position, or title, and 
company name below the “Print(ed) Property Owner’s Name”.   

 
3. Fees: 

a. A $500 check or money order made payable to Harris County. 
b. Cash or a cashier’s check or money order for $16.00 payable to Harris 

County Clerk is required for the Affidavit recording fee.  
 

4. When applicable (typically on projects 1 acre or larger), please submit a copy of 
the signed NOI or a copy of the T.C.E.Q. permit, if it has been obtained.  If you 
have not filed the NOI yet, submit a copy to Harris County once it has been filed 
with T.C.E.Q. 

 
5. If it is anticipated that the permanent feature will, in the future, be owned or 

operated by a MUD, a letter is required from the MUD stating that it agrees to 
accept the responsibility for the storm water quality feature and the Storm Water 
Quality Management Plan. 

 
The necessary forms (Application, Affidavit, etc.) can be obtained at our offices or via 
the web at http://hcpid.org/permits/swq_permit.html.  The SWQ permit must be obtained 
before any development permits can be approved. 
  
Thank you.  Please contact Jason Lange (713.956.3084) or Donald Thompson 
(713.956.3045) with any questions. 
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Project: _________________________________  Request #: ___________________ 

 
Harris County 

Storm Water Quality Review Sheet 
 

 A NOT in Harris County Jurisdiction. 

 B No Storm water Quality Review Required. 
 C Permanent Storm Water Quality Features NOT REQUIRED.  ____________________________ 
 D Permanent Storm Water Quality Features REQUIRED.  _________________________________
 E Please provide a SWPPP (manual) and/or SWPPP site plan sheet. 
 F Please provide the Engineer Seal on: Drawing Set/SWPPP/SWQMP 
 G Please include/correct the site description.  Consult your project plans for specific mark-ups. 
 H A Storm Water Quality Management Plan and/or a SWQMP Site Plan Sheet are REQUIRED.  

(Please refer to the Storm Water Quality Guidance Manual and/or Storm Water Quality Guidance Document for New 
Development/ Redevelopment Projects, include a draft copy of the SWQMP, and preliminary design for the 
permanent features upon resubmission.)

 I Review stopped for lack of a Storm Water Quality Management Plan, and/or a SWQMP Site Plan 
Sheet. 

 J Please provide documentation verifying the projects, Grandfather, status.  (For this exemption there 
must be NO detention requirement AND, the following documentation is required: 1.) Original drainage area map, 
2.) Drainage table calculations, 3.) Plan sheet showing pipe sizing, 4.) Trunk line installed prior to 01 October 2003.)

 K Grandfather conditions are not met.  See item H for further requirements.  For future reference, 
see item J for Grandfather exemption requirements. 

 L The under 5 acre exemption only applies to projects that are: 
A. Part of a 5 acre, or larger, parcel that was platted prior to 10/01/01, or  
B. A stand alone plat (re-plats do not qualify) that is less than 5 acres.   

(If the proposed development was or is part of a 5 acre or larger plat, which was platted after 
10/01/01, it will not qualify for the less than 5 acre exemption).  Please provide the relevant plats 
(in effect 9/30/01 and most recent) to demonstrate applicability.   

 M This site is part of an original parcel of 5 acres or more, which was submitted for plat approval 
after 01 October 2001.  See items D & H, for further requirements. 

 N Revise SWPPP.  See mark-up comments and, “SWPPP Checklist” items. 
 O Revise SWQMP.  See mark-up comments, “SWQMP Checklist” items, and P, Q, R, S, T, U 

below. 
 P Please describe in detail all non-structural controls to be implemented and/or the party 

responsible for this requirement. 
 Q Please describe all structural controls associated with this project.  Structural controls include 

constructed facilities or vegetative practices designed to reduce pollutant levels in storm water runoff.
 R Describe maintenance policy and procedures.  See project plan for specific mark-ups. 
 S Describe inspection and reporting procedures.  Please add the required, SWQMP Permit 

Requirements Statement. 
 T Please include/revise the projects tables, and/or appendices. 
 U Recheck/Revise calculations for the PSWQF. 
 V Engineer: Please make indicated change(s).  You do NOT have to return these plans to Harris 

County SWQ section for further review.  SWQ section at (713-956-3000), for any questions. 
 W All phases of project construction require coverage and control implementation under the TCEQ 

Construction General Permit.  (All phases-covering initial clearing until final site stabilization). 
The site is subject to periodic inspection during construction to check compliance with all 
applicable Storm Water Quality Requirements. 
Failure to design and effectively implement a SWPPP which addresses all permit parameters may 
result in enforcement action by EPA, TCEQ, and/or Harris County.  Required self-inspection and 
maintenance are part of, all permit parameters. 

 X Provide a Harris County Express Review Sheet, Version 10.0.  Fill in all appropriate information. 
 Y Return for further review of Storm Water Quality requirements. 

 
Additional Comments:       
      
 
 
Date: 8/24/2009     Initials: _____________ 



Harris County Engineering Permits 
Storm Water Quality 

SWQMP Plan Review Checklist 
Source: Storm Water Quality Management Guidance Manual; 2001 Edition 

       
 12/9/2005  P:\FORMS\SWQ Section\SWQMP Checklist2005.doc                                    1 of 3         

 
 
1. Cover Page 
 

_____  A.  Engineer’s Seal 
 

2. Site Description 
 

_____  A.  Site Location 

_____  B.  Names, addresses and phone numbers of owners and contact person 

_____  C.  Type of New Development or Redevelopment 

_____  D.  Nature of activities 

_____  E.   NOI or TPDES permit application (Include a statement of intent to file an 
NOI or application  for  TPDES permit will be submitted as applicable.  
Include NOI in the Appendices) 

_____  F.  Total site area and area affected by the development 

_____  G.  Site Maps (Describe what maps are included in the appendices and what  
essential information they illustrate.)  

 
3. Controls 
 

_____  A.  Non-structural Controls   (Describe the non-structural best management 
practices (BMPs) and how they will be used at the site.  Non-structural 
controls are management –based activities that are designed to prevent or 
reduce the potential of storm water runoff contact with pollution-causing 
activities.  

1. Waste Materials 

2. Hazardous Waste 

3. Sanitary Waste 

4. Landscaping Practices, Fertilizer and Pesticide use- (and include in 
Public Education below) 

5. Public Education (for Residential Subdivisions especially) Include 
examples of mailers, door hangers, circulars by M.U.D or H.O A. 
in appendices 
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_____  B.   Structural Controls    Provide a description of all structural controls 

associated with this project. Structural controls are constructed facilities or 
vegetative practices that are generally designed to reduce pollutant levels 
in storm water runoff. Supporting data (specifications, calculations, etc.)  
should be provided.  (Structural BMPs should be shown on the included 
construction drawings.)   

 
4. Maintenance  

 
_____  A.  Describe procedures and qualified personnel to assure the timely 

maintenance of the control measures. 

    

1. In Residential Subdivisions, street sweeping is optional and not a 
Harris County requirement for the SWQMP. 

2. Use Inlet Markings with Storm Water Quality emblems on the 
covers or grates rather than the painted messages (Inlet Stenciling). 
         

 
5. Inspections 
 

_____  A.  Describe inspections reporting and procedures. 

      _____  B.  Add the following note to the SWQMP Site Plan sheet in the drawing set 
under the heading “SWQMP Permit Requirements”.  

 “Upon completion of construction the permanent storm water quality 
feature will be cleaned of all sediment and debris that may have 
accumulated.  Additionally all disturbed areas related to this project will 
be completely stabilized.  This will be done prior to submitting an as “As-
Built Certificate” and calling for final inspection.  Harris County 
Engineering will not pass the Final Inspection or issue the Certificate of 
Compliance until the required final cleanout and stabilization have been 
completed.  The development is not approved for operation until a 
Certificate of Compliance has been issued.” 
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6. Tables and Appendices 
 

_____  A.  Vicinity map (include Key Map page and section) 

_____  B.  SWQMP Site Plan that illustrates the following: 

1. Areas to be developed; 

2. Areas not to be developed; 

3. Location and listing of structural controls and non-structural controls 
that are identified in the plan as applicable; 

4. Drainage areas and their areas, patterns and approximate slopes 
anticipated after development; 

5. Locations and listing of activities which may generate pollutants and 
potential discharge, including hazardous material treatment, storage 
and disposal facilities, parking areas, loading areas, etc.; 

6. Locations where storm water is discharged to the MS4 and the name of 
the MS4 operator including the Identification #, if applicable; 

7. Wetlands and surface waters. 

_____   C.  SWQMP Details and Calculations Plan Sheet 

1.  The sheet should include a detailed illustration of the permanent storm 
water quality feature, and the calculations used to determine its sizing 
and design. 

_____  D.  Inspection and Maintenance forms 

_____  E.  Certification forms 

_____  F.  Harris County Storm Water Quality As Built Certificate Form  

_____  G.  Harris County Storm Water Quality Annual Certification Forms 

 
NOTE 1:  As of  3/3/03;  an example SWQMP can be seen / downloaded from the web 
site:   http://www.cleanwaterclearchoice.org/downloads.html  
 

 
NOTE 2:  Documents specific to obtaining a Harris County Storm Water Quality Permit 
may be downloaded from the website: http://www.eng.hctx.net/permits

http://www.cleanwaterclearchoice.org/downloads.html
http://www.eng.hctx.net/permits


Water: Legislation & Directives 

Homeland Security Presidential Directives (HSPDs) Water-Sector Specific Plan (SSP) Bioterrorism Act Other Legislation

You are here: Water Water Infrastructure Water Security Legislation and Directives

Legislation and Directives
The government has promulgated legislation and directives in recognition of the increased need to protect the nation's water supply and 
utilities from terrorist attacks. The Homeland Security Presidential Directives (HSPDs) and the Public Health Security and Bioterrorism 
Preparedness and Response Act (Bioterrorism Act) of 2002 specifically denote the responsibilities of EPA and the water sector in:

Assessing vulnerabilities of water utilities•
Developing strategies for responding to and preparing for emergencies and incidents•
Promoting information exchange among stakeholders•
Developing and using technological advances in water security•

These directives and laws supplement existing legislation, such as the Safe Drinking Water Act and the Clean Water Act, which have 
always had the goals of promoting a clean and safe supply of water for the nation's population and protecting the integrity of the nation's 
waterways. These directives and laws affect the actions and obligations of EPA, the Water Security Division, and water utilities, and they 
are described below.

Homeland Security Presidential Directives (HSPDs)

The government uses these directives to disseminate Presidential and Homeland Security decisions on national security matters.

HSPDs 7, 8, 9, and 10 are of particular relevance to water security issues.

HSPD 7: Critical Infrastructure Identification, Prioritization, and Protection•
HSPD 8: National Preparedness•
HSPD 9: Defense of United States Agriculture and Food•
HSPD 10: Biodefense for the 21st Century•

HSPD 7: Critical Infrastructure Identification, Prioritization, and Protection

HSPD 7 designates EPA as the sector specific agency responsible for infrastructure protection activities for the nation's drinking water 
and wastewater systems. As such, EPA is responsible for:

Identifying, prioritizing, and coordinating infrastructure protection activities for the nation's drinking water and water treatment 
systems;

•

Working with federal departments and agencies, state and local governments, and the private sector to facilitate vulnerability 
assessments;

•

Encouraging the development of risk management strategies to protect against and mitigate the effects of potential attacks on 
critical resources; and

•

Developing mechanisms for information sharing and analysis.•

Read the entire HSPD 7: Critical Infrastructure Identification, Prioritization, and Protection.•
Read EPA's Policy to Manage Access to Sensitive Drinking Water Related Information (PDF) (5 pp, 87K, About PDF) •

Under HSPD 7, the Water Security Division has been tasked with developing a water sector specific plan as input to the National 
Infrastructure Protection Plan that the Department of Homeland Security must produce. The sector specific plan must address 
processes for:
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Identifying assets within the sector;•
Identifying and assessing vulnerabilities, and prioritizing assets within the sector;•
Developing sector specific strategic protective programs; and•
Measuring the effectiveness of the sector specific critical infrastructure protection program. •

 
HSPD 8: National Preparedness

HSPD 8 establishes policies to strengthen the preparedness to prevent and respond to threatened or actual domestic terrorist attacks, 
major disasters, and other emergencies by establishing mechanisms for improved delivery of federal preparedness assistance to state 
and local governments.

Read the entire HSPD 8: National Preparedness. •

HSPD 9: Defense of United States Agriculture and Food

Under HSPD 9, EPA is to develop a robust, comprehensive surveillance and monitoring program to provide early warning in the event of 
a terrorist attack using biological, chemical, or radiological contaminants. HSPD 9 also directs EPA to develop a nationwide laboratory 
network to support the routine monitoring and response requirements of the surveillance program. HSPD 10, which is currently a 
classified document, basically reaffirms EPA's responsibilities under HSPD 9 while adding a clear directive on the Agency's 
responsibilities in decontamination efforts.

Read the entire HSPD 9: Defense of United States Agriculture and Food. •

The following programs have been developed by EPA in response to HSPD 9:

Water Security Initiative 
EPA is is implementing a demonstration project program to design, deploy, and evaluate a model contamination warning system for 
drinking water security. The program, which is being developed in partnership with select cities and laboratories, responds to a 
Homeland Security Presidential Directive that charges EPA to develop surveillance and monitoring systems to provide early detection of 
water contamination.

Water Laboratory Alliance 
The purpose of the WLA is to provide the drinking water sector with an integrated nationwide network of laboratories with the analytical 
capabilities and capacity to support monitoring and surveillance, response, and remediation of intentional and unintentional drinking 
water supply contamination events involving chemical, biological, and radiochemical contaminants.

HSPD 10: Biodefense for the 21st Century

HSPD 10 provides directives to further strengthen the Biodefense Program through threat awareness, prevention and protection, 
surveillance and detection, and response and recovery.

Read the entire HSPD 10: Biodefense for the 21st Century. •

The Water SSP is a broad-based Water Sector critical infrastructure protection implementation strategy 
developed under the Department of Homeland Security's National Infrastructure Protection Plan and 
was produced by EPA in coordination with Water Sector security partners which includes our Water 
Sector Coordinating Council and Government Coordinating Council.  

Water Sector-Specific Plan (SSP) •
2010 Water Sector-Specific Plan: An Annex to the National Infrastructure Protection Plan (PDF) (88 pp, 2MB) 
EPA 817-R-10-001, 2010  

◦

Water Sector-Specific Plan (SSP) Fact Sheet •
Water Sector-Specific Plan Fact Sheet Trifold Brochure (PDF) (Pamphlet 8 1/2 x 11, 2 pp, 717K) 
EPA 817-F-07-018, December 2007

◦
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http://water.epa.gov/infrastructure/watersecurity/lawsregs/index.cfmWater Sector-Specific Plan Fact Sheet (PDF) (2 pp, 1MB) 
EPA 817-F-07-017, December 2007 
 

◦

Department of Homeland Security 
National Infrastructure Protection Plan (NIPP) 
 

•

Public Health Security and Bioterrorism Preparedness and Response Act of 
2002 (Bioterrorism Act)

Title IV of the Act addresses drinking water security and safety. Title IV requires drinking water systems serving more than 3,300 
persons to conduct assessments of their vulnerabilities to terrorist attacks or other intentional acts.

Drinking water systems serving more than 3,300 persons must develop response measures to incidents that could substantially 
disrupt a system's ability to provide a safe, reliable supply of drinking water or otherwise present significant public health 
concerns. 
 

•

EPA has certain responsibilities in protecting the nation's water supply. For example, EPA is to provide: •
Information on potential threats to water systems;◦
Strategies for responding to potential incidents;◦
Information protection protocols for vulnerability assessments in its possession; and◦
Research studies in areas relevant to water security.◦
More information on the Bioterrorism Act◦

The Safe Drinking Water Act (SDWA)

The SDWA is the main federal law that promotes the quality of the nation's drinking water and regulates the public water supply and its 
sources. It established the first mandatory national program to protect public health by promoting the safety of drinking water. Under the 
SDWA, EPA:

Sets standards for drinking water quality;•
Oversees the states, tribes, territories, localities, and water suppliers that implement these standards; and•
Provides a framework for the collaboration of these groups.•

A 1996 amendment expanded the Act to further encompass issues of source water protection, training, funding for improvements, the 
role of public awareness, and protection and prevention activities.

Download the Safe Drinking Water [Public Health Service Act (PDF) (124 pp, 311K, About PDF) 
as amended through P.L. 107-377, Dec. 31, 2002 
 

•

More information on the Safe Drinking Water Act•

Federal Water Pollution Control Act (Clean Water Act)

The Act employs a variety of regulatory and nonregulatory tools to reduce direct pollutant discharges into the nation's waterways, 
finance wastewater treatment facilities, and manage polluted runoff. It also gives EPA the authority to implement pollution control 
programs and to set wastewater standards for industry and limitations on contaminants in surface waters. The broader goal of the Act is 
to help restore and maintain the chemical, biological, and physical integrity of the nation's waters. The watershed based strategies in the 
Act have evolved to give equal emphasis to protecting healthy waters and restoring impaired ones. They also encourage the 
involvement of stakeholder groups in strategies for maintaining water quality and security.

More information on the Clean Water Act•
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APPLICATION FORMS FOR CONDITIONAL AND FINAL 
LETTERS OF MAP AMENDMENT AND LETTERS OF MAP REVISION BASED ON FILL 

OMB Control Number 1660-0015. Expires Feb 28, 2014 
 
General Background Information 

In 1968, the U.S. Congress passed the National Flood Insurance Act, which created the National Flood Insurance Program 
(NFIP). The NFIP was designed to reduce future flood losses through local floodplain management and to provide protection 
for property owners against potential losses through an insurance mechanism that allows a premium to be paid for the 
protection of those most in need. The creation of the NFIP represented a major shift in Federal strategy from previous 
structural flood-control and disaster relief programs.  
 
As part of the agreement for making flood insurance available to a community, the NFIP requires the community to adopt 
floodplain management ordinances that meet certain minimum requirements intended to reduce future flood losses. The 
community official or agency responsible for floodplain management in a community may be able to provide information 
that would be useful to a requester. This official or agency usually is responsible for engineering, public works, flood 
control, or planning in the community as well. 
 
Use of Application Forms 

The Department of Homeland Security’s Federal Emergency Management Agency (FEMA) implemented the use of 
application forms for requesting revisions or amendments to NFIP maps for two reasons. First, because the forms provide a 
step-by-step process for requesters to follow and are comprehensive, requesters are assured of providing all of the 
necessary information to support their requests without having to go through an iterative process of providing additional 
information in a piecemeal fashion, which can result in a time-consuming and cost-intensive process. Second, use of the 
forms ensures that the requesters’ submissions are complete and more logically structured, and generally allows DHS-FEMA 
to complete its review in a shorter timeframe. 
 
The application forms included in this package were designed to assist requesters (community officials, individual property 
owners, and others) in gathering the information DHS-FEMA needs to determine whether property (parcels of land or 
structures) is likely to be flooded during the flood event that has a 1-percent-annual-chance of being equaled or exceeded 
in any given year (base flood). Lands that are at risk of being inundated by the base flood are called Special Flood Hazard 
Areas (SFHAs). 
 
The forms in this package shall be used to request Letters of Map Amendment (LOMAs), Conditional Letters of Map 
Amendment (CLOMAs), Letters of Map Revision Based on Fill (LOMR-Fs), and Conditional Letters of Map Revision Based on 
Fill (CLOMR-Fs), as defined below. Please note that not all of the forms apply to every request. Only those forms that apply 
to the request should be submitted. 

 
LOMA A letter from DHS-FEMA stating that an existing structure or parcel of land that has not been 

elevated by fill (natural grade) would not be inundated by the base flood. 
 
CLOMA A letter from DHS-FEMA stating that a proposed structure that is not to be elevated by fill (natural 

grade) would not be inundated by the base flood if built as proposed. 
 
LOMR-F A letter from DHS-FEMA stating that an existing structure or parcel of land that has been elevated 

by fill would not be inundated by the base flood. 
 
CLOMR-F A letter from DHS-FEMA stating that a parcel of land or proposed structure that will be elevated by 

fill would not be inundated by the base flood if fill is placed on the parcel as proposed or the 
structure is built as proposed. 

 
If the request is being made for a LOMA to be issued on a single residential property, the MT-EZ form, entitled “Application 
Form for Single Lot or Structure, Amendments to National Flood Insurance Program Maps,” may be used instead of the 
forms in this package. Forms for this purpose may be downloaded from our website at 
http://www.fema.gov/plan/prevent/fhm/dl_mt-ez.shtm. This form is available in both an English and Spanish version.  
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A fast alternative to using the MT-1 application is eLOMA. eLOMA is a web-based application that provides licensed land 
surveyors and professional engineers a system to submit simple LOMA requests to FEMA. Many LOMA requests can be 
submitted to FEMA using eLOMA. You can find additional information about eLOMA, including the types of LOMA requests 
that qualify for the eLOMA process, at http://hazards.fema.gov.  

  
The forms in this package and the form entitled "Application Form for Single Lot or Structure, Amendments to National 
Flood Insurance Program Maps," shall not be used in the following instances: 
 

• Requests involving changes in Base Flood Elevations (BFEs); 

• Requests involving changes in regulatory floodway boundary delineations; 

• Requests for properties in alluvial fan areas; 

• Requests involving property and/or structures that have been elevated by fill placed within the regulatory 
floodway, channelization projects, bridge/culvert replacement projects, or other flood control improvements; or 

• Requests involving changes in coastal high hazard areas (V zones).  

For such requests, the community must submit the request to DHS-FEMA in accordance with Title 44, Chapter I, Code of 
Federal Regulations (CFR), Part 65 of the NFIP regulations, which is available online at 
http://www.access.gpo.gov/nara/cfr/waisidx_02/44cfrv1_02.html, using the separately published MT-2 application forms 
package entitled "Application Forms and Instructions for Conditional Letters of Map Revision and Letters of Map Revision." 
Forms for this purpose may be downloaded from our website at http://www.fema.gov/plan/prevent/fhm/dl_mt-2.shtm.  
 
Please note that the forms in this package may be used for property that has been inadvertently included in a V zone or the 
regulatory floodway. However, if the property is to be removed from a V zone, it must not be located seaward of the 
landward toe of the primary frontal dune. 
 
For additional assistance in completing these forms, you may consult the LOMA Tutorial, available on DHS-FEMA’s Internet 
site at: http://www.fema.gov/plan/prevent/fhm/ot_lmreq.shtm.  
 
Data Submission Requirements 
 
In accordance with the NFIP regulations, DHS-FEMA will use the information provided by these application forms to make a 
determination on whether a property (parcel(s) of land or a structure(s)) is located within a designated SFHA. In certain 
instances, additional data that are not referenced on these forms may be required. A DHS-FEMA representative will notify 
the requester of any additional requirements. 
 
DHS-FEMA encourages the submission of the required data in digital format (e.g. scanned documents on a CD). This may 
help expedite the processing of your request. 
 
Applicable Regulations 
 
The regulations pertaining to LOMAs, CLOMAs, LOMR-Fs, and CLOMR-Fs are presented in Title 44, Chapter I, CFR, Parts 65 
and 70, which is available online at http://www.access.gpo.gov/nara/cfr/waisidx_02/44cfrv1_02.html. The purpose of 
Part 70 is to provide an administrative procedure whereby DHS-FEMA will review information submitted by an owner or 
lessee of property who believes that their property has been inadvertently included in a designated SFHA. Part 70 provides 
information about the technical difficulty of accurately delineating the SFHA boundaries on a NFIP map for a community. 
Part 70 procedures shall not apply if the topography has been altered to raise the original ground to or above the BFE since 
the effective date of the first NFIP map [i.e., a Flood Insurance Rate Map (FIRM) or Flood Hazard Boundary Map] showing 
the property to be within the SFHA. Requests involving changes in topography (such as the placement of fill) are handled 
under the procedures described in Part 65. 
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Fee Requirements 
 
Title 44, Chapter I, CFR, Part 72 of the NFIP regulations, which is available online at 
http://www.access.gpo.gov/nara/cfr/waisidx_02/44cfrv1_02.html, presents information regarding the reimbursement 
procedure initiated by DHS-FEMA to allow for the recovery of costs associated with the review of requests for CLOMAs, 
CLOMR-Fs, and LOMR-Fs via a review and processing fee. There is no review and processing fee for requests for 
single/multiple, lot/structure LOMAs. 
 
Revised fee schedules are published periodically, but no more than once annually, as a notice in the Federal Register. For 
the most up-to-date fee schedule, please contact the DHS-FEMA Map Information eXchange (FMIX) toll free at 1-877-FEMA 
MAP (1-877-336-2627) or consult the DHS-FEMA Internet site at http://www.fema.gov/plan/prevent/fhm/frm_fees.shtm. 
 
Payment must be submitted in the form of a check or money order, made payable in U.S. funds to the National Flood 
Insurance Program, or by credit card payment. In addition, the requester must complete the Payment Information Form. 
The payment should be mailed together with the application and supporting data to the address listed in the Address for 
Submitting Requests section of these instructions. 
 
Basis of Determination 
 
If no fill has been placed, DHS-FEMA's determination as to whether the SFHA designation may be removed from the 
structure(s) on a property will be based on a comparison of the BFE with the elevation of the Lowest Adjacent Grade to the 
structure (lowest ground touching the structure) including any attached decks or garage. If fill has been placed, DHS-FEMA's 
determination will be based on a comparison of the BFE with the elevation of the lowest adjacent grade to the structure 
(lowest ground touching the structure) including any attached decks or garage and a completed Community 
Acknowledgment Form (see instructions for the Community Acknowledgment Form [Form 3] for more information). 
 
For DHS-FEMA to remove the SFHA designation from a legally defined property or portion of property that does not have a 
structure on it, the elevation of the lowest ground on the property must be at or above the BFE. 
 
Please note the following special considerations that may affect DHS-FEMA's determination: 
 

• In areas of shallow/sheet flooding (Zone AO), the elevation of the Lowest Adjacent Grade (including deck posts) of the 
structure(s) must be above the surrounding grade by an amount equal to or greater than the depth shown on the 
NFIP map. In addition, adequate drainage paths are required to guide floodwaters around and away from the 
structure(s); the structure(s) should be on an elevated pad within the Zone AO area. With your application package, in 
addition to elevation information regarding the structure(s), provide a map showing the topographic data of the 
property and the immediate surrounding area, and the location of any structure(s) existing on the property (certified 
by a registered professional engineer or licensed land surveyor) to demonstrate that the above criteria have been 
met. 

• If the lowest floor of a building has been elevated on posts, piers, or pilings above the BFE and any portion of the 
structure (i.e., posts, pilings, or piers) is still below the BFE, the building will not be removed from the SFHA. 

 
Response Timeframe 
 
In accordance with the procedures of Title 44, Chapter I, CFR, Part 72, which is available online at 
http://www.access.gpo.gov/nara/cfr/waisidx_02/44cfrv1_02.html, DHS-FEMA will notify the requester of the 
determination in writing within 60 days of the date of receipt of all required data. Information about the status of active 
Letter of Map Change (LOMC) requests is available from DHS-FEMA’s Mapping Information Platform (MIP) at 
https://hazards.fema.gov. The MIP allows requesters to search Open LOMCs by entering their Project (Case) Number and 
Project Type to find out the status of their request. From the MIP Home Page requesters should click on Tools & Links, 
Public Reports and select Public Reports from the Report Category dropdown. 
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Effect on Insurance Purchase Requirements 
 
Although DHS-FEMA may issue a LOMA or LOMR-F removing a structure(s) from the SFHA, it is the lending institution's 
prerogative to require flood insurance, as a condition of a loan, if it deems such action appropriate. Historically, about 25% 
of all flood claims occur in areas outside of the SFHA. Property owners are strongly encouraged to convert their existing 
policy, using the premiums already paid for that policy, to a lower-cost Preferred Risk Policy (PRP), which is available for 
structures located outside the SFHA. For more information about the PRP, contact your agent or broker or visit 
http://floodsmart.gov/prp. 
 
If the lending institution agrees to waive the flood insurance purchase requirement for a structure, the property owner is 
eligible for a full refund of the premium paid for the current policy year, provided that no claim is pending or has been paid 
on the policy in question during the same policy year. If the property owner has been required to renew his or her policy 
during a period when a revised NFIP map was being printed, the premium will be refunded for an additional year. To initiate 
processing of the refund, the property owner should provide the LOMA or LOMR-F and evidence of the waiver of the flood 
insurance requirement from the lending institution to the insurance agent or broker who sold the policy. 
 
Conditional Determinations 
 
To qualify for a CLOMA or CLOMR-F, the proposed project must meet the same criteria as those required for a LOMA or 
LOMR-F. After construction is completed or fill is placed, certified as-built information must be submitted to DHS-FEMA for 
a LOMA or LOMR-F to be issued. The NFIP regulations do not require that a CLOMA or CLOMR-F be requested and issued 
for a proposed project. Check with local community officials to see if they are required.  
  
Property owners and developers should note that a CLOMA or CLOMR-F does not remove the mandatory purchase of flood 
insurance requirements, it merely provides comment on the proposed plan and does not revise or amend the NFIP map. 
Once the project has been completed another application will have to be submitted with the as built conditions to receive a 
LOMA or a LOMR-F which in turn removes the federal requirements for mandatory purchase of flood insurance. It also does 
not relieve Federal agencies of the need to comply in carrying out their responsibilities for providing federally undertaken, 
financed, or assisted construction and improvements or in their regulating and licensing activities, in accordance with the 
provisions of Executive Order 11988 (http://www.fema.gov/plan/ehp/ehplaws/eo11988.shtm). 
 
Endangered Species Act Compliance 
 
CLOMR-F applicants are responsible for documenting to FEMA that Endangered Species Act (ESA) compliance has been 
achieved prior to FEMA’s review of a CLOMR-F application. ESA compliance may be documented by submitting to FEMA a 
copy of an Incidental Take Permit, an Incidental Take Statement, a “not likely to adversely affect” determination from the 
National Marine Fisheries Service (NMFS) or the U.S. Fish and Wildlife Service (USFWS), or an official letter from NMFS or 
USFWS concurring that the project has “No Effect” on proposed or listed species or designated critical habitat. The 
applicant may begin by contacting a NMFS or USFWS office, State wildlife agency office, or independent biologist to identify 
whether threatened or endangered species exist on the subject property and whether the project associated with the 
CLOMR-F request would adversely affect species or designated critical habitat. These entities are also available to discuss 
questions pertaining to listed species and ESA compliance. If potential adverse impacts could occur, then NMFS or USFWS 
may require changes to the proposed activity and/or mitigation.  
 

For CLOMA, LOMA, and LOMR-F requests involving floodplain activities that have occurred already, private 
individuals and local and state jurisdictions are required to comply with the ESA independently of FEMA’s process. 
These requests do not provide the same opportunity as CLOMR-Fs for FEMA to comment on the project because 
CLOMAs and LOMAs do not involve a physical modification to the floodplain and because LOMR-Fs are issued only 
after the physical action has been undertaken in the floodplain.  
 
Additional information about the ESA and these requirements is available on 
http://www.fema.gov/library/viewRecord.do?id=4312 or by requesting a copy from the DHS-FEMA Map 
Information eXchange (FMIX) toll free at 1-877-FEMA MAP (1-877-336-2627). Although FEMA’s staff is not 
available to assist with this process, NMFS and the USFWS both have staff available around the country to answer 
questions about threatened and endangered species and ESA compliance.  



 

Instructions MT-1 Forms (086-0-26, 086-0-26A, 086-0-26B) FEB 11 1 

  
Address for Submitting Requests 
 
Please submit all application forms and data to support a request for a flood zone determination, including any 
applicable fees to the address listed below. Incomplete submissions will result in processing delays.  
 
DHS-FEMA encourages the submission of all required data in digital format (e.g. scanned documents on a CD).  
 
Mail your request to… 
 

LOMC Clearinghouse 
7390 Coca Cola Drive, Suite 204 

Hanover, MD 21076 
Attn.: LOMA Manager 

 

FEMA REGIONS 
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INSTRUCTIONS FOR COMPLETING THE PROPERTY INFORMATION FORM (FORM 1) 
 
General Instructions 
 
The Property Information Form (Form 1) may be completed by the property owner, or on behalf of the property 
owner by authorized persons including but not limited to; the property owner's agent, licensed land surveyor, or 
registered professional engineer to support a request for a Letter of Map Amendment (LOMA), Conditional Letter 
of Map Amendment (CLOMA), Letter of Map Revision Based on Fill (LOMR-F), or Conditional Letter of Map 
Revision Based on Fill (CLOMR-F) for existing or proposed, single or multiple lots/structures. 
 
Before completing this form, the requester must obtain the following documents from the County/Parish Clerk, 
Recorder, or Register of Deeds for the community: 
 

• A copy of the Deed for the property, showing the recordation information (e.g., Book/Volume and Page 
numbers or Document/Instrument number) containing the recorder's seal and recordation date, 
accompanied by a tax assessor's or other suitable map showing the surveyed location of the property. 

OR 
• A copy of the Plat Map for the property, showing the recordation information (e.g., Book/Volume and Page 

numbers or Document/Instrument number) and containing the recorder's seal and recordation date. 
 
The requester also must obtain a photocopy of the effective FIRM panel (including the Title Block) that shows the 
area in which the property is located. The FIRM should be available at the community map repository or from the 
community official or agency responsible for floodplain management. However, digital copies of the FIRM Index and 
FIRM panels may be ordered from the Map Service Center (MSC), for a nominal fee. To place orders from the MSC, go 
to their Internet site: http://www.msc.fema.gov. A FIRMette, which can be printed free of charge from the MSC 
website, may be submitted in lieu of a photocopy of the FIRM. 
 
This site allows requesters to search the MSC for maps and other technical data historically available from the MSC 
online. Requesters can search by the three following criteria: Catalog, Map Search, and Quick Order. Catalog allows 
requesters to search through the DHS-FEMA’s Map Service Center for available data. Map Search allows requesters to 
search for data available for an individually specified map area. Quick Order allows requesters to search and order 
available data by specific FIRM panel or Community number. Payment must be in the form of a credit card. Visa, 
MasterCard, Discover and American Express, are accepted. Requesters without Internet access should contact the 
DHS-FEMA Map Information eXchange by calling 1-877-336-2627. They may fax their map order requests to the MSC 
at 1-800-358-9620. 
 
Requesters should note that for multiple property (structure or lot) requests, this form should only be completed 
once to describe the entire project. One form for each lot is not necessary. 
 
Specific Instructions 
 
Basis of Request 
 
Select the type of MT-1 Letter of Map Change (LOMC) being requested, by checking only one box. Next to each type 
of LOMC a brief definition has been provided to assist the requester in making an informed selection. 
 
Fill Placement 
 
Fill is defined as material from any source (including the subject property) placed that raises the ground (natural 
grade) to or above the Base (1%-annual-chance) Flood Elevation (BFE). The common construction practice of 
removing unsuitable existing material (topsoil) and backfilling with select structural material is not considered the 
placement of fill if the practice does not alter the existing (natural grade) elevation, which is at or above the BFE. 
Fill that is placed before the date of the first National Flood Insurance Program (NFIP) map showing the area in a 
Special Flood Hazard Area is considered natural grade. The Special Flood Hazard Area (SFHA) is the area that 
would be inundated by the base flood. Assistance to ascertain if fill has been placed on your property may be 
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available from the community official or agency responsible for floodplain management. You may consult with the 
community map repository to obtain previous editions of the NFIP map, archived topographic data, or  
permit drawings related to construction on the site. If the structure footprint is located on ground higher than the 
surrounding area, fill may have been placed. Additional sources for assistance would include the developer or 
engineer/designer of the subdivision, previous owners of the site, persons who have owned or resided on adjacent 
parcels, and large scale aerial photographs (check the tax assessor’s office). In addition, digital copies of historic 
NFIP maps may be available on DHS-FEMA’s Map Service Center (MSC), for a nominal fee. To place orders from the 
MSC, interested parties may visit the MSC website at http://www.msc.fema.gov.. For additional information 
regarding historic maps, interested parties may contact the DHS-FEMA Map Information eXchange toll free, at 1-
877-FEMA MAP (1-877-336-2627). 
 
Regardless of the type of LOMC being requested, DHS-FEMA must require the requester to clearly state, to the 
best of his or her knowledge, whether fill was or was not placed on his or her property. The requester must select 
either “yes” or “no.” If fill was placed on the property, the requester must provide the month and year fill was 
placed. 
 
In addition, for proposed projects, DHS-FEMA requires the requester to clearly state whether fill will be placed on 
his or her property. If fill will be placed, the requester must provide the month and year fill will be placed. In 
addition, the applicant must then provide documentation to show that ESA compliance has been achieved. 
Additional information about these requirements is available on Page 4 of this instruction packet.  
 
Number 1 - Street Address 
 
Enter the street address (911 type) for the structure or property being reviewed (subject property). For requests 
involving multiple lots, structures, or units, attach a separate piece of paper including all street addresses when 
space is insufficient. 
 
Number 2 - Legal Description 
 
Describe the property by referring to the Deed or Plat Map. The description may consist of a lot number and 
subdivision name, a parcel number, a tract number, or any other information provided in the Deed or Plat to 
identify the property (e.g. Lot 2, Block 1, Floodville Estates). It is not necessary to reproduce a lengthy description 
of the property as it appears in the Deed.  
 
Number 3 - Subject of Determination 
 
DHS-FEMA makes determinations on parcels of land or structures. The requester should select structure, portion 
of a parcel, or a parcel of land. If the request is for a structure on a property, the date of construction must be 
provided in this section. Date of construction information may usually be obtained from real estate settlement 
documents, the property developer, or the local government office where real estate and/or land development 
transactions are recorded. If there is more than one structure on a property, attach a separate piece of paper with 
the dates of construction. If the request is for a portion of a parcel, a certified metes and bounds description and 
map of the area to be removed, certified by a licensed land surveyor or registered professional engineer, are 
required. The metes and bounds description must cover the specific area to be removed, and it must be tied to an 
identifiable starting point. If the description is for a legally recorded lot or parcel, the metes and bounds 
description should commence or begin at the lot or parcel corner. Metes and bounds descriptions must not 
intersect or coincide with the footprint of an existing structure. Please see the example below for the preferred 
format of metes and bounds descriptions. 
 

BEGINNING at the northeast lot corner; thence S16°42’22”E, 100.00 feet; thence S33°14’40”W, 
145.92 feet; thence S89°13’29”W, 156.01 feet; thence N16°42’22”W, 223.14 feet; thence 210.49 
feet along a curve to the left having a radius of 542.00 feet to the POINT OF BEGINNING 
 

DHS - FEMA encourages the submission of metes and bounds descriptions in digital format on CD. This 
may help expedite the processing of your request. 
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Number 4 - Number of Structures or Properties 
 
DHS-FEMA makes determinations on single or multiple, lots (parcels of land) or structures. Select the choice that 
best describes your request. 
 
Required Data 
 
All requests must include the following data: 
 
• Property description documentation must be enclosed for every request and will consist of either the Plat 

Map or Deed (containing the recorder's stamp and recordation date) accompanied by a tax assessor's map or 
other suitable map showing the surveyed location of the property. The recordation data (e.g., Book, Volume, 
Page, Reel, Document Number, and Date) must be evident on the copies of these documents so that DHS-
FEMA may use the legal description of the property. In addition, DHS-FEMA must be able to identify the 
property exactly. If the property is not recorded on a Plat Map, a copy of a tax assessor's map or other suitable 
map must be submitted to aid DHS-FEMA in locating the property. The map should include at least one street 
intersection that is shown on the FIRM panel. 

• A photocopy of the effective FIRM panel, annotated to show where the property is located, must be 
submitted for every request. If your community has a separate Flood Boundary and Floodway Map (FBFM), 
please include a copy. The panel number and effective date of the FIRM must appear on the copy submitted. 
The actual map or a photographic copy must be used.   

• The Elevation Form (Form 2) must be included for all requests, except requests for determinations in which 
the FIRM already shows the property to be CLEARLY outside the SFHA. For cases in which the determination 
for the property or structure is uncertain, elevation data must be submitted to provide a definitive determina-
tion. This form must be completed by a licensed land surveyor or registered professional engineer. If an NFIP 
Elevation Certificate has been completed for a structure, it may be submitted in lieu of this form. The 
Elevation Certificate must be certified by a licensed land surveyor or registered professional engineer.  

• The Community Acknowledgment Form (Form 3) must be included for all LOMR-F or CLOMR-F, or for LOMA 
requests in which the property has been inadvertently included within the NFIP regulatory floodway. For 
LOMR-F and CLOMR-F requests only Section A needs to be completed. For LOMA requests in which the 
property has been inadvertently included within the regulatory floodway, only Section B needs to be 
completed (see INSTRUCTIONS FOR COMPLETING OPTIONAL FORMS of these instructions for additional 
information on the certification requirements of this form). 

• Documented ESA compliance must be submitted for CLOMR-Fs only. Appropriate documentation includes a 
copy of an Incidental Take Permit, an Incidental Take Statement, a “not likely to adversely affect” 
determination from NMFS or USFWS, or an official letter from NMFS or USFWS concurring that the project has 
“No Effect” on proposed or listed species or designated critical habitat. Additional information about these 
requirements is available on Page 4 of this instruction packet.  

 
Review and Processing Fee 
 
The appropriate review and processing fee must be submitted for requests involving proposed projects and for 
requests involving the placement of fill (e.g., CLOMA, LOMR-F, or CLOMR-F). The Payment Information Form 
should be included with the processing fee. No fee is required to obtain a determination based on existing 
conditions (i.e. LOMA) as long as no fill has been placed. For the current fee schedule visits DHS-FEMA’s Flood 
Map-Related Fees Internet site: http://www.fema.gov/plan/prevent/fhm/frm_fees.shtm. 
 
Signature 
 
The requester must provide his or her name, mailing address, and telephone number. The requester must also sign 
and date, where indicated, to certify the accuracy of the information provided. A Licensed Land Surveyor, 
Registered Professional Engineer, or other designated agent may sign this form for the requester if they are 
submitting on their behalf. Providing an email address is optional, however, providing one will make it easier for 
DHS-FEMA to contact you if necessary and may facilitate the processing of your request. 
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INSTRUCTIONS FOR COMPLETING THE ELEVATION FORM (FORM 2) 
 
General Instructions 
 
The Elevation Form (Form 2) must be completed by a licensed land surveyor or registered professional engineer 
(authorized by law to certify the information requested). If the request is to make a determination on the structure, 
and an NFIP Elevation Certificate has already been completed for this property, it may be submitted in lieu of this 
form. If the request is to make a determination on the entire legally recorded property, or a portion thereof, the 
lowest lot elevation must be provided on Form 2. If the request is to have the SFHA designation determined for the 
entire legally recorded property, but the only elevation provided is the Lowest Adjacent Grade to Structure, the 
determination will be issued for the structure. 
 
For a licensed land surveyor or registered professional engineer to complete this form, it will be necessary to obtain 
the effective Flood Insurance Rate Map (FIRM) panel, effective Flood Boundary and Floodway Map (FBFM) panel (if 
printed), and Flood Insurance Study (FIS) report that cover the area in which the property is located. These can be 
obtained from the community map repository or ordered from the Map Service Center (MSC), for a nominal fee. To 
place orders from the MSC, go to their Internet site: http://www.msc.fema.gov. 
 
The DHS-FEMA Map Service Center allows users, including homeowners, surveyors, and engineers, to search the 
MSC for maps and other technical data. Searches can be conducted under the three following criteria: Catalog, 
Map Search, and Quick Order. Catalog allows surveyors and engineers to search through the Map Service Center 
for available data. Map Search allows surveyors and engineers to search for data available for an individually 
specified map area. Quick Order allows surveyors and engineers to search available data by a specific FIRM panel 
or Community number. All search criteria will allow surveyors and engineers to search desired data and add that 
data to a "shopping cart" for later payment options. Payment must be in the form of a credit card. Visa, 
MasterCard, Discover and American Express are accepted. 
 
Surveyors and engineers that do not have Internet access should contact the DHS-FEMA Map Information 
eXchange by calling 1-877-FEMA MAP (1-877-336-2627). They may fax their map order requests to the MSC at 1-
800-358-9620. 
 
Number  1 - Community Number 
 
Provide the six digit NFIP community number as it appears in the Title Block of the FIRM panel. In addition, include 
the name of the property (i.e. legal description) and/or the property’s address. 
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For additional information on reading FIRM panels you may consult the tutorial “How to Read a FIRM” on DHS-
FEMA’s Internet site: http://www.fema.gov/media/fhm/firm/ot_firm.htm. 
 
*Please note that, in some communities, the only NFIP maps available may be Flood Hazard Boundary Maps, 
instead of FIRMs. 
 
Number 2 - Conditionals 
 
Identify whether the elevations being provided are based on existing or proposed conditions.  
 
Number 3 - Type of Construction 
 
If the request involves or will involve a structure, provide the type of construction. 
 

Crawl Space – The bottom floor is below the first floor, is enclosed by solid and partial perimeter walls, 
and may be above ground level (grade) on one or more sides. Spaces below ground level on all sides must 
meet the requirements of FEMA Technical Bulletin 11-01. Spaces with a bottom floor elevation more than 
2.0 feet below the Lowest Adjacent Exterior Grade (LAG) elevation will be classified as a basement. 

 
Slab on Grade – The bottom floor is at or above ground level (grade) on at least one side. 

 
Basement/Enclosure – The bottom floor (basement or underground garage) is below ground level (grade) 
on all sides. See Crawl Space above. 

 
Other – All other structure types not listed above including, but not limited to split levels, structures on 
piers, mobile homes, etc. Please be as detailed as possible. 

 
Number 4 - Elevation Datum 
 
Provide the elevation datum (e.g., NGVD 29, NAVD 88, or other specified) for which the property elevations shown 
on the form are referenced. If the datum being referenced is different than the datum used to produce the 
effective FIS, please provide the datum conversion. Please note that mean sea level datum (MSL) is used within the 
Commonwealth of Puerto Rico and local tidal datum (LTD) is used within the U.S. Virgin Islands. 
 
Number 5 - Geographic Coordinate Data 
 
The surveyor or engineer must provide the latitude and longitude of the property in decimal degrees to the 5th 
decimal place (00.00000), and indicate the appropriate horizontal datum, WGS84, NAD83, or NAD27. 
 
Number 6 - Subsidence or Uplift 
 
Land subsidence is the lowering of the ground as a result of water, oil, gas extraction, as well as other phenomena 
such as soil compaction, decomposition of organic material, and tectonic movement. Periodically, the National 
Geodetic Survey re-levels some benchmarks to determine new elevations above the National Geodetic Vertical 
Datum of 1929 (NGVD 29) or above the North American Vertical Datum of 1988 (NAVD 88); however, not all 
benchmarks are re-leveled each time. 
 
Check “yes” if the area of the property is in an area of subsidence or uplift, and provide the date of the current re-
leveling; check “no” if the area of the property is not in an area of subsidence or uplift. In areas experiencing 
ground subsidence (e.g., Harris County, Texas, and Incorporated Areas); the most recently adjusted Elevation 
Reference Mark (ERM) must be used for accurate ground and structure elevations. Please consult the effective 
Flood Insurance Study (FIS) for your community or local floodplain administrator for the most current ERM data.  
 
In general, the effects of subsidence can be accounted for by determining grade and structure elevations using 
benchmark elevations with the same re-level date as the benchmarks used to develop the Base (1%-annual-
chance) Flood Elevations (BFEs) on the FIRM. Please be aware that benchmark re-level dates can be different for 
different flooding sources. No adjustment is necessary to the BFEs on the FIRM. 
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Elevation Table 
 
A row in the elevation table must be completed for each property (parcels of land or structures) involved in this 
request (subject property). 
 

Address – Provide the street address (911 type) for subject property. 
 

Lot/Block Number – Provide the property’s lot and/or block number if available. In the absence of a lot or block 
number, the registered professional engineer or licensed land surveyor must include an identifier that clearly 
states for what the elevations are being referenced (e.g. residential structure, commercial building, unit 1, etc.). 

 
Lowest Lot Elevation – For requests involving property, or a portion thereof, provide the lowest lot elevation to 
the nearest tenth (0.1) of a foot or meter. If the FIRM shows BFEs in meters, the accuracy of the lowest lot 
elevation must be to the nearest tenth of a meter. If the BFE varies across the property, please provide a 
certified site plan showing the range of elevations across the property. 

 
Lowest Adjacent Grade (LAG) to the Structure – For requests involving a structure, provide the LAG elevation 
(the elevation of the lowest ground touching the structure including attached patios, stairs, deck supports or 
garages), to the nearest tenth (0.1) of a foot or meter. If the FIRM shows BFEs in meters, the accuracy of the 
LAG elevation must be to the nearest tenth of a meter. 

 
Base Flood Elevation – Provide the BFE affecting the property. FEMA will verify the BFE during the review 
process. BFEs can be obtained by locating the property on the effective FIRM for the community in which the 
property is located. Upon locating the property on the FIRM, the engineer or surveyor should determine the 
type of flooding and in which flood zone the property is located. The summary below will provide direction for 
how to determine the BFE as a result of the flooding type and flood zone determination.  

 
Base Flood Elevation Source – Provide the source used in determining the BFE (e.g. FIRM, profile, floodway 
data table, Community Determined, or other source). When submitting a BFE that is either community 
determined or from an alternate source, please include in the request, sufficient data that supports the BFE. 

 
• Riverine Flooding Systems (Zones AE or A1-A30) – Consult the FIS report for the community in which the 

property is located. Next, locate the flood profile for the flooding source by name. Estimate the property’s 
location along the flood profile and interpolate the BFE using the 100-yr. flood profile line. 

 
• Lacustrine (Stillwater) Flooding Systems – Consult the FIS report for the community in which the property 

is located. Next, locate the Summary of Stillwater Elevations table. Locate the flooding source, by name, 
and use the BFE listed in the table. The flooding source’s BFE is normally shown to the nearest one-tenth 
of a foot. If the flooding source is not listed in the “Summary of Stillwater Elevations” table, use the BFE as 
shown on the FIRM. 

 
• Coastal Flooding Systems (Zones AE or A1-A30 and VE or V1-V30) – First, obtain the BFE from the FIRM 

panel. Next, consult the FIS report for the community in which the property is located. Locate the 
Summary of Stillwater Elevations table in the FIS report. Identify the flooding source, by name, and use 
the BFE listed in the table. Compare the BFE listed in this table to the BFE obtained from the FIRM. If the 
stillwater elevation listed in this table is less than or equal to the whole-foot BFE shown on the map minus 
0.5 foot, a wave height, wave runup, and/or wave setup component exists. In this case, the whole-foot 
BFE shown on the map should be used for rating, construction, and floodplain management purposes. If 
the stillwater elevation listed in the “Summary of Stillwater Elevations” table is greater than the whole-
foot BFE shown on the map minus 0.4 foot, the stillwater elevation shown in the table shall be used as the 
BFE. (Any property/structure located seaward of the landward toe of the primary frontal dune may not 
be removed from a Zone VE or V1-V30). 

 
• Zone A Flooding – If the property is located in a Zone A, an area of approximate flooding with no BFEs 

determined, a BFE will need to be determined by the engineer or surveyor. First, the engineer or surveyor 
should determine if a Federal, State, or local government agency has developed a BFE. Such agencies 
include the U.S. Army Corps of Engineers, the U.S. Geological Survey, the State’s Department of Natural 
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Resources, Department of Environmental Quality, or Department of Transportation; or the local Planning 
and Zoning Department. If one has been developed, all supporting data and calculations used to develop 
the BFE must be submitted, or a letter directly from the government agency must be submitted. If a BFE 
has not previously been developed, the engineer or surveyor should consult DHS-FEMA 265, Managing 
Floodplain Development in Approximate Zone A Areas: A Guide for Obtaining and Developing Base (100-
year) Flood Elevations, available online at http://www.fema.gov/library/viewRecord.do?id=2215. This 
publication is an excellent resource, which details the appropriate methods for determining BFEs in SFHAs 
designated flood zone A. To obtain additional information about developing BFEs, contact the DHS-FEMA 
Map Information eXchange at 1-877-FEMA MAP (1-877-336-2627). If the property is greater than 50 lots 
or 5 acres, whichever is the lesser, the engineer or surveyor must determine a BFE as a provision of Part 
60.3(b)(3), which is available online at http://www.access.gpo.gov/nara/cfr/waisidx_03/44cfr60_03.html. 

 
• Shallow Flooding (Zone AH) – If the property is located in flood zone AH, locate the Summary of Stillwater 

Elevations table in the FIS report. Identify the flooding source, by name, and use the BFE listed in the 
table. If no Summary of Stillwater Elevations table exists, use the BFE shown on the FIRM If different 
elevations appear within the same SFHA, the BFE is obtained by linear interpolation between two 
adjacent BFE lines.  
 

• Shallow/Sheet Flooding (Zone AO) – For a property located in Zone AO, the characteristics of the Zone 
AO area shown on the NFIP map will determine the appropriate methodology to be used to develop the 
BFE for the property. If the flooding is conveyed by the street, provide the highest top of curb or crown of 
street elevation (whichever is higher) along the property line and add this to the depth of flooding. The 
lowest adjacent grade elevation must be above the curb or street elevation by an amount equal to or 
greater than the depth of flooding shown on the NFIP map. If the entire property is inundated by the 
SFHA and the flow is not conveyed by the street, add the depth of flooding to the average surrounding 
grade. If the property is partially inundated by the SFHA and the street does not convey the flow, add the 
depth of flooding to the lowest lot elevation. Along with the information required for one of the above-
mentioned methods, provide sufficient certified topographic information, including flow paths, to show 
that the structure is located on high ground relative to the depth indicated on the NFIP map. 
 

If the request involves multiple properties (parcels of land or structures), elevations must be provided for each 
property. If the number of properties for which DHS-FEMA is to make a determination exceeds the number of rows 
on the Elevation Table, additional photocopies of the table may be attached to the back of the Elevation Form. 
 
Certification (by a licensed land surveyor, registered professional engineer, or architect) 
 
The certifier must provide his or her name, license number and expiration date, his or her company name, 
telephone number and, if applicable, his or her fax number and email address. The certifier’s seal, if available, may 
be provided here. The certifier must sign and date the Elevation Form, where indicated, to certify the accuracy of 
the information provided. Not all states authorize architects and engineers to certify elevation information. 
Consult the state board of registration for more information. 
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INSTRUCTIONS FOR COMPLETING OPTIONAL FORMS 
 
 
General 
 
While Forms 1 and 2 must be completed for all requests, Form 3 must only be completed when applicable. 
Instructions for completing this form are provided below. 
 
Community Acknowledgment Form (Form 3) 
 
The Community Acknowledgment Form (Form 3) must be completed for all requests involving the placement of fill, 
existing or proposed, or requests for land or structures that are inadvertently included in the NFIP regulatory 
floodway. The form must be completed and signed by the community official responsible for floodplain 
management in the community. The community name and the subject property address shown in Items 1 and 2 of 
the Property Information Form must appear in the spaces provided. Space has been provided within each section 
for the community official to provide comments on the project (e.g. Section A - The project is reasonably safe from 
flooding and satisfies Parts 60.3 and 65.5 of the NFIP regulations. Section B - Removal of the project from the 
regulatory floodway will not result in an increase in Base Flood Elevations.). If additional space is required by the 
community official to provide the community's comments on a project, additional sheets may be attached to the 
back of this form. 
 
Section A – Requests Involving the Placement of Fill 
 
Instructions for Communities: 
 
As a participant in the NFIP under 44 CFR 60.3(a)(2), you are required to ensure, prior to issuing a floodplain 
development permit, that an applicant is in compliance with local and NFIP regulations and has obtained all 
necessary Federal and State permits related to development. For CLOMR-F requests, applicants must document 
ESA compliance to FEMA prior to issuance of the CLOMR-F determination. For LOMR-F requests, ESA compliance is 
required independently of FEMA’s process. The community must ensure that appropriate ESA permits are 
obtained per requirement under Section 60.3(a)(2) of FEMA’s regulations. Additional information about these 
requirements is available on Page 4 of this instruction packet. Another common Federal permit requirement may 
include wetland permits under Section 404 of the Clean Water Act of 1972. If you need a wetlands permit or are 
not sure if one is required, contact your local U.S. Army Corps of Engineers District Office. Necessary State permits 
vary depending on the State. 
 
Instructions for Applicants: 
 
You are responsible for obtaining all necessary Federal, State, and local permits as a condition of obtaining a 
LOMR-F or CLOMR-F. Your community is required to verify that you have obtained these necessary permits prior to 
issuing a floodplain development permit or signing the Community Acknowledgment Form (MT-1 Form 3). In 
addition, for CLOMR-F requests, you must document to FEMA that ESA compliance has been achieved prior to 
issuance of the CLOMR-F determination. For LOMR-F requests, ESA compliance is required independently of 
FEMA’s process. Your community must ensure that appropriate ESA permits are obtained per requirement under 
Section 60.3(a)(2) of FEMA’s regulations. Additional information about these requirements is available on Page 4of 
this instruction packet. Another common Federal permit requirement may include wetland permits under Section 
404 of the Clean Water Act of 1972. If you need a wetlands permit or are not sure if one is required, contact your 
local U.S. Army Corps of Engineers District Office. Necessary State permits vary depending on the State.  
  
To assist communities in determining if a property or structure, existing or proposed, is reasonably safe from 
flooding, DHS-FEMA has published Technical Bulletin 10-01. This bulletin outlines safe building practices, which 
when followed, may reduce the risk of flood damage to a property or structure.  Community Officials interested in 
obtaining copies of this bulletin should visit our Internet site at http://www.fema.gov/pdf/fima/tb1001.pdf. 
Community Officials that do not have Internet access should contact the FMIX toll free at 1-877-FEMA MAP (1-877-
336-2627). 
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All inquires regarding these, or other NFIP regulations, should contact the FMIX for assistance. 
 
Section B – Property Located within the Regulatory Floodway 
 
Required for all requests that are inadvertently included in the regulatory floodway. The regulatory floodway is the 
area of the Special Flood Hazard Area that must remain unobstructed in order to prevent unacceptable increases 
in Base Flood Elevations. This form must be signed by a community official, responsible for floodplain 
management, to acknowledge the community’s acceptance of a revision to the regulatory floodway within the 
community. 
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DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY 

PROPERTY INFORMATION FORM 
O.M.B. NO. 1660-0015 

Expires February 28, 2014 

 
PAPERWORK BURDEN DISCLOSURE NOTICE 

Public reporting burden for this data collection is estimated to average 1.63 hours per response.  The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing and submitting the form.  This collection is required to obtain or retain 
benefits.  You are not required to respond to this collection of information unless a valid OMB control number is displayed on this form.  Send comments regarding the 
accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, Department of Homeland Security, Federal 
Emergency Management Agency, 1800 South Bell Street, Arlington, VA 20598-3005, Paperwork Reduction Project (1660-0015).  NOTE: Do not send your completed 
form to this address. 

This form may be completed by the property owner, property owner’s agent, licensed land surveyor, or registered professional engineer to support a request for a 
Letter of Map Amendment (LOMA), Conditional Letter of Map Amendment (CLOMA), Letter of Map Revision Based on Fill (LOMR-F), or Conditional Letter of Map 
Revision Based on Fill (CLOMR-F) for existing or proposed, single or multiple lots/structures.  In order to process your request, all information on this form must be 
completed in its entirety, unless stated as optional.  Incomplete submissions will result in processing delays.  Please check the item below that describes your request: 

  LOMA A letter from DHS-FEMA stating that an existing structure or parcel of land that has not been elevated 
by fill (natural grade) would not be inundated by the base flood. 

  CLOMA A letter from DHS-FEMA stating that a proposed structure that is not to be elevated by fill (natural 
grade) would not be inundated by the base flood if built as proposed. 

  LOMR-F A letter from DHS-FEMA stating that an existing structure or parcel of land that has been elevated by 
fill would not be inundated by the base flood. 

  CLOMR-F 
A letter from DHS-FEMA stating that a parcel of land or proposed structure that will be elevated by fill 
would not be inundated by the base flood if fill is placed on the parcel as proposed or the structure is 
built as proposed. 

Fill is defined as material from any source (including the subject property) placed that raises the ground to or above the Base Flood Elevation (BFE).  The common 
construction practice of removing unsuitable existing material (topsoil) and backfilling with select structural material is not considered the placement of fill if the 
practice does not alter the existing (natural grade) elevation, which is at or above the BFE.  Fill that is placed before the date of the first National Flood Insurance 
Program (NFIP) map showing the area in a Special Flood Hazard Area (SFHA) is considered natural grade. 

Has fill been placed on your property to raise   
ground that was previously below the BFE?   Yes    No                   If yes, when was fill placed?       /     
        month/year 
Will fill be placed on your property to raise 
ground that is below the BFE?                        Yes*    No                   If yes, when will fill be placed?              /     
            month/year 

* If yes, Endangered Species Act (ESA) compliance must be documented to FEMA prior to issuance 
of the CLOMR-F determination (please refer page 4 to the MT-1 instructions). 

 
1. Street Address of the Property (if request is for multiple structures or units, please attach additional sheet referencing each address and enter 

street names below): 
       
 
2. Legal description of Property (Lot, Block, Subdivision or abbreviated description from the Deed): 
       
 
3. Are you requesting that a flood zone determination be completed for (check one): 
 

 Structures on the property?  What are the dates of construction? _______________ (MM/YYYY) 

 A portion of land within the bounds of the property? (A certified metes and bounds description and map of the area to be 
removed, certified by a licensed land surveyor or registered professional engineer, are required. For the preferred format of 
metes and bounds descriptions, please refer to the MT-1 Form 1 Instructions.) 

 The entire legally recorded property?  
  
4. Is this request for a (check one): 

 Single structure 

 Single lot 

 Multiple structures (How many structures are involved in your request? List the number:  _______) 

 Multiple lots (How many lots are involved in your request? List the number:  _______) 
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In addition to this form (MT-1 Form 1), please complete the checklist below.  ALL requests must include one copy of the following: 
 

  Copy of the effective FIRM panel on which the structure and/or property location has been accurately plotted (property inadvertently located in the NFIP 
regulatory floodway will require Section B of MT-1 Form 3) 

 
  Copy of the Subdivision Plat Map for the property (with recordation data and stamp of the Recorder’s Office) 

OR 
  Copy of the Property Deed (with recordation data and stamp of the Recorder’s Office), accompanied by a tax assessor’s map or other certified map 

showing the surveyed location of the property relative to local streets and watercourses.  The map should include at least one street intersection that is 
shown on the FIRM panel.  

 
  Form 2 – Elevation Form.  If the request is to remove the structure, and an Elevation Certificate has already been completed for this property, it may be 

submitted in lieu of Form 2.  If the request is to remove the entire legally recorded property, or a portion thereof, the lowest lot elevation must be 
provided on Form 2. 
 

  Please include a map scale and North arrow on all maps submitted.   
 

For LOMR-Fs and CLOMR-Fs, the following must be submitted in addition to the items listed above: 
  Form 3 – Community Acknowledgment Form 

 
For CLOMR-Fs, the following must be submitted in addition to the items listed above: 

 Documented ESA compliance, which may include a copy of an Incidental Take Permit, an Incidental Take Statement, a “not likely to adversely affect” 
determination from the National Marine Fisheries Service (NMFS) or the U.S. Fish and Wildlife Service (USFWS), or an official letter from NMFS or USFWS 
concurring that the project has “No Effect” on proposed or listed species or designated critical habitat. Please refer to the MT-1 instructions for additional 
information. 

Please do not submit original documents.  Please retain a copy of all submitted documents for your records. 

DHS-FEMA encourages the submission of all required data in a digital format (e.g. scanned documents and images on Compact Disc [CD]).  Digital 
submissions help to further DHS-FEMA’s Digital Vision and also may facilitate the processing of your request. 

Incomplete submissions will result in processing delays. For additional information regarding this form, including where to obtain the supporting 
documents listed above, please refer to the MT-1 Form Instructions located at http://www.fema.gov/plan/prevent/fhm/dl_mt-1.shtm.  

Processing Fee (see instructions for appropriate mailing address; or visit http://www.fema.gov/fhm/frm_fees.shtm for the most current fee 
schedule) 

Revised fee schedules are published periodically, but no more than once annually, as noted in the Federal Register.  Please note:  single/multiple 
lot(s)/structure(s) LOMAs are fee exempt.  The current review and processing fees are listed below: 

Check the fee that applies to your request: 

 $325 (single lot/structure LOMR-F following a CLOMR-F)  

 $425 (single lot/structure LOMR-F)  

 $500 (single lot/structure CLOMA or CLOMR-F) 

 $700 (multiple lot/structure LOMR-F following a CLOMR-F, or multiple lot/structure CLOMA) 

 $800 (multiple lot/structure LOMR-F or CLOMR-F) 

Please submit the Payment Information Form for remittance of applicable fees.  Please make your check or money order payable to:  
National Flood Insurance Program. 

All documents submitted in support of this request are correct to the best of my knowledge.  I understand that any false statement may be punishable by fine 
or imprisonment under Title 18 of the United States Code, Section 1001. 

Applicant’s Name (required):        

Mailing Address (required):        

 

E-Mail Address (optional):  By checking here you may receive 
correspondence electronically at the email address provided): 

       

 

Date (required) 

Company (if applicable):        

Daytime Telephone No. (required):        

 
 
Fax No. (optional):        

 

 

___________________________________________________________ 

Signature of Applicant (required) 
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DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY 

ELEVATION FORM 

O.M.B. NO. 1660-0015 
Expires February 28, 2014 

 
PAPERWORK BURDEN DISCLOSURE NOTICE 

Public reporting burden for this data collection is estimated to average 1.25 hours per response.  The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing and submitting the form.  This collection is required to obtain or retain 
benefits.  You are not required to respond to this collection of information unless a valid OMB control number is displayed on this form.  Send comments regarding the 
accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, Department of Homeland Security, Federal 
Emergency Management Agency, 1800 South Bell Street, Arlington, VA 20598-3005, Paperwork Reduction Project (1660-0015).  NOTE: Do not send your completed 
form to this address. 

This form must be completed for requests and must be completed and signed by a registered professional engineer or licensed land surveyor.  A DHS - FEMA National 
Flood Insurance Program (NFIP) Elevation Certificate may be submitted in lieu of this form for single structure requests.  

For requests to remove a structure on natural grade OR on engineered fill from the Special Flood Hazard Area (SFHA), submit the lowest adjacent grade (the lowest 
ground touching the structure), including an attached deck or garage. For requests to remove an entire parcel of land from the SFHA, provide the lowest lot elevation; 
or, if the request involves an area described by metes and bounds, provide the lowest elevation within the metes and bounds description. All measurements are to be 
rounded to nearest tenth of a foot.  In order to process your request, all information on this form must be completed in its entirety.  Incomplete submissions will 
result in processing delays. 

1. NFIP Community Number:           Property Name or Address:        
 
2. Are the elevations listed below based on   existing or   proposed conditions?  (Check one) 
 
3.     For the existing or proposed structures listed below, what are the types of construction?  (check all that apply) 

 crawl space  slab on grade   basement/enclosure   other (explain) 
 
4.     Has DHS - FEMA identified this area as subject to land subsidence or uplift? (see instructions)   Yes     No   
 If yes, what is the date of the current re-leveling?      /     (month/year)   
 
5. What is the elevation datum?  NGVD 29    NAVD 88    Other (explain)                        

If any of the elevations listed below were computed using a datum different than the datum used for the effective Flood Insurance Rate Map 
(FIRM) (e.g., NGVD 29 or NAVD 88), what was the conversion factor?  

Local Elevation +/- ft. = FIRM Datum 
6.     Please provide the Latitude and Longitude of the most upstream edge of the structure (in decimal degrees to the nearest fifth decimal place): 
                                                     Indicate Datum:   WGS84     NAD83    NAD27    Lat.       .           Long.       .       
        Please provide the Latitude and Longitude of the most upstream edge of the property (in decimal degrees to the nearest fifth decimal place): 
                                                     Indicate Datum:   WGS84     NAD83    NAD27    Lat.       .           Long.       .       

Address Lot Number 
Block  

Number 
Lowest Lot  
Elevation* 

Lowest  
Adjacent  
Grade To  
Structure 

Base Flood 
Elevation 

BFE  Source 

                                          

                                          

This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify elevation 
information.  All documents submitted in support of this request are correct to the best of my knowledge.  I understand that any false statement may be punishable 
by fine or imprisonment under Title 18 of the United States Code, Section 1001. 
Certifier’s Name:        License No.:        Expiration Date:        

Company Name:        Telephone No.:         

Email:       Fax No.        

Signature: Date:        

 
 
 
 
* For requests involving a portion of property, include the lowest ground elevation within  

the metes and bounds description.  
Please note: If the Lowest Adjacent Grade to Structure is the only elevation provided, a determination  
will be issued for the structure only. 

 

 
 
 
 
 

Seal (optional) 
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Continued from Page 1.   

Address Lot Number Block Number Lowest Lot 
Elevation* 

Lowest Adjacent 
Grade To 
Structure 

Base Flood 
Elevation BFE Source 

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

                                          

This certification is to be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to certify elevation 
information.  All documents submitted in support of this request are correct to the best of my knowledge.  I understand that any false statement may be punishable 
by fine or imprisonment under Title 18 of the United States Code, Section 1001. 

Certifier’s Name:        License No.:        Expiration Date:        

Company Name:        Telephone No.:         

Email:       Fax No.        

Signature: Date:        

 
 
 
* For requests involving a portion of property, include the lowest ground elevation within  

the metes and bounds description.  
Please note: If the Lowest Adjacent Grade to Structure is the only elevation provided, a  
determination will be issued for the structure only.  

 
 

 
 
 
 
 

Seal (optional) 



 

DHS - FEMA Form 086-0-26B, FEB 11 Community Acknowledgment Form MT-1 Form 3 Page 1 of 1 
 

DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY 

COMMUNITY ACKNOWLEDGMENT FORM 
O.M.B. NO. 1660-0015 

Expires February 28, 2014 

 
PAPERWORK BURDEN DISCLOSURE NOTICE 

Public reporting burden for this data collection is estimated to average 1.38 hours per response.  The burden estimate includes 
the time for reviewing instructions, searching existing data sources, gathering and maintaining the needed data, and completing 
and submitting the form.  This collection is required to obtain or retain benefits.  You are not required to respond to this 
collection of information unless a valid OMB control number is displayed on this form.  Send comments regarding the accuracy of 
the burden estimate and any suggestions for reducing this burden to: Information Collections Management, Department of 
Homeland Security, Federal Emergency Management Agency, 1800 South Bell Street, Arlington, VA 20598-3005, Paperwork 
Reduction Project (1660-0015).  NOTE: Do not send your completed form to this address. 

This form must be completed for requests involving the existing or proposed placement of fill (complete Section A) OR to provide acknowledgment of this request to 
remove a property from the SFHA which was previously located within the regulatory floodway (complete Section B).   
This form must be completed and signed by the official responsible for floodplain management in the community.  The six digit NFIP community number and the 
subject property address must appear in the spaces provided below.  Incomplete submissions will result in processing delays. Please refer to the MT-1 instructions 
for additional information about this form. 
Community Number:  ____________________            Property Name or Address:  ____________________________________________ 
 

A.  REQUESTS INVOLVING THE PLACEMENT OF FILL 
 
As the community official responsible for floodplain management, I hereby acknowledge that we have received and reviewed this Letter of Map 
Revision Based on Fill (LOMR-F) or Conditional LOMR-F request.  Based upon the community's review, we find the completed or proposed project 
meets or is designed to meet all of the community floodplain management requirements, including the requirement that no fill be placed in the 
regulatory floodway, and that all necessary Federal, State, and local permits have been, or in the case of a Conditional LOMR-F, will be obtained. 
For Conditional LOMR-F requests, the applicant has or will document Endangered Species Act (ESA) compliance to FEMA prior to issuance of the 
Conditional LOMR-F determination. For LOMR-F requests, I acknowledge that compliance with Sections 9 and 10 of the ESA has been achieved 
independently of FEMA’s process. Section 9 of the ESA prohibits anyone from “taking” or harming an endangered species.  If an action might harm 
an endangered species, a permit is required from U.S. Fish and Wildlife Service or National Marine Fisheries Service under Section 10 of the ESA.  
For actions authorized, funded, or being carried out by Federal or State agencies, documentation from the agency showing its compliance with 
Section 7(a)(2) of the ESA will be submitted. In addition, we have determined that the land and any existing or proposed structures to be removed 
from the SFHA are or will be reasonably safe from flooding as defined in 44CFR 65.2(c), and that we have available upon request by DHS-FEMA, all 
analyses and documentation used to make this determination.  For LOMR-F requests, we understand that this request is being forwarded to DHS-
FEMA for a possible map revision.   
Community Comments:        
 
 
 
 
 
 

Community Official’s Name and Title:  (Please Print or Type) 
      

Telephone No.:   
      

Community Name:   
      

Community Official’s Signature:  (required) 
 
 

Date:  
      

B.  PROPERTY LOCATED WITHIN THE REGULATORY FLOODWAY 
 
As the community official responsible for floodplain management, I hereby acknowledge that we have received and reviewed this request for a 
LOMA.  We understand that this request is being forwarded to DHS-FEMA to determine if this property has been inadvertently included in the 
regulatory floodway.  We acknowledge that no fill on this property has been or will be placed within the designated regulatory floodway.  We find 
that the completed or proposed project meets or is designed to meet all of the community floodplain management requirements.    
Community Comments:        
 

Community Official’s Name and Title:  (Please Print or Type) 
      

Telephone No.:   
      

Community Name:  
      

Community Official’s Signature (required):   
 
 

Date:   
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FEDERAL EMERGENCY MANAGEMENT AGENCY 
PAYMENT INFORMATION FORM  

Community Name:        

Project Identifier:          

THIS FORM MUST BE MAILED, ALONG WITH THE APPROPRIATE FEE, TO THE ADDRESS BELOW OR FAXED TO THE FAX NUMBER 
BELOW. 
 
Type of Request: 
 
 

  MT-1 application  
  MT-2 application  
 
 
 
 
 
  EDR application 
 
 

 

Request No.:          (if known)  Amount:         

 

  INITIAL FEE*     FINAL FEE     FEE BALANCE**     MASTER CARD     VISA     CHECK      MONEY ORDER 
 
*Note:  Check only for EDR and/or Alluvial Fan requests (as appropriate). 

**Note: Check only if submitting a corrected fee for an ongoing request. 

COMPLETE THIS SECTION ONLY IF PAYING BY CREDIT CARD 

 
CARD NUMBER             EXP. DATE 

   

        —         —         —              —      

    1     2     3      4                5      6     7      8                 9    10    11    12               13    14   15   16                            Month           Year 

 

 
                                                    _________________________________________________________________ 
Date                                                                                                                   Signature 
 
NAME (AS IT APPEARS ON CARD):            
(please print or type) 
 
ADDRESS:            
(for your 
credit card            
receipt-please  
print or type) 
 

DAYTIME PHONE:             
 

 

LOMC Clearinghouse
7390 Coca Cola Drive 
Suite 204 
Hanover, MD 21076 
Attn.: LOMA Manager 

FEMA Project Library
847 South Pickett St. 
Alexandria, VA 22304 
FAX (703) 212-4090 
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Purzer, Mary

From: Sarah McKinley [Sarah.McKinley@ferc.gov]
Sent: Wednesday, April 11, 2012 7:24 AM
To: Purzer, Mary
Subject: RE: FERC permitting requirements 

Mary: 
 
Staff got back to me with this answer: 
 
This is treated as one utility company needing to cross the Enstor facilities.  The water utility needs to work it out with 
Enstor.  We won’t be involved unless Enstor decides it needs to move any of its facilities to accommodate the water 
company’s facilities.  If that is the case, then Enstor may need to file something at that point.  But we’re not involved now.  
 
I hope this is helpful. 
 
Sincerely, 

Sarah McKinley  
Office of External Affairs  
Federal Energy Regulatory Commission  
888 First Street NE  
Washington, DC 20426  
202-502-8368  
FAX 202-208-2106  
sarah.mckinley@ferc.gov 
Follow us on Twitter  & Facebook  

  

 

From: Purzer, Mary [mailto:Mary.Purzer@aecom.com]  
Sent: Tuesday, April 10, 2012 3:33 PM 
To: Sarah McKinley 
Subject: FERC permitting requirements  
 
Sarah:   Thanks for talking with me today about potential FERC permitting requirements for the Luce Bayou Interbasin 
Water Transfer Project (LBIT).  I am working on the permit requirements section of the Draft EIS for the project.   The 
proposed project will include construction of a pump station on the Trinity River at Capers Ridge and construction of a 
water transfer canal through Liberty and Harris Counties to a discharge point at Lake Houston.   A portion of the 
proposed project is near the ENSTOR Hub in Liberty County which is under FERC’s jurisdiction.  What I am needing to 
find out is if there are FERC permitting or approval requirements for the Luce Bayou Interbasin Water Transfer project.  
Although the proposed canal route is not on the ENSTOR Hub storage facility, the canal may cross gas lines related to the 
ENSTOR facility.  Please have the appropriate person contact me regarding FERC permitting / approval or notice 
requirements that would need to be addressed for the LBIT project.    Thank you, MLP  
  
  
  
Mary L. Purzer, P.E. 
Project Manager 
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713.267.3147 voice 
713.267.3110 fax  
281.814.7318 cell 
mary.purzer@aecom.com  
AECOM  
5757 Woodway, Suite 101 West 
Houston, Texas 77057-1599 
T 713.780.4100  F 713.267.3110 
www.aecom.com  
The information contained in this transmission is a confidential communication intended for the use of the individual or 
entity named above.  If the reader of this message is not the intended recipient, you are hereby notified that any 
dissemination, distribution, or copying of this communication is strictly prohibited.  

 Please consider the environment before printing this e-mail.  
  
  
  



This site displays a prototype of a “Web 2.0” version of the daily Federal Register. It is not an official legal edition of the Federal Register, and does 
not replace the official print version or the official electronic version on GPO’s Federal Digital System (FDsys.gov).

The articles posted on this site are XML renditions of published Federal Register documents. Each document posted on the site includes a link to the 
corresponding official PDF file on FDsys.gov. This prototype edition of the daily Federal Register on FederalRegister.gov will remain an unofficial 
informational resource until the Administrative Committee of the Federal Register (ACFR) issues a regulation granting it official legal status. For 
complete information about, and access to, our official publications and services, go to the OFR.gov website. 

The OFR/GPO partnership is committed to presenting accurate and reliable regulatory information on FederalRegister.gov with the objective of 
establishing the XML-based Federal Register as an ACFR-sanctioned publication in the future. While every effort has been made to ensure that the 
material on FederalRegister.gov is accurately displayed, consistent with the official SGML-based PDF version on FDsys.gov, those relying on it for legal 
research should verify their results against an official edition of the Federal Register. Until the ACFR grants it official status, the XML rendition of the 
daily Federal Register on FederalRegister.gov does not provide legal notice to the public or judicial notice to the courts.

The Federal Register

The Daily Journal of the United States Government

Notice

Enstor Houston Hub Storage and Transportation, LP; Notice 
of Application Filing
A Notice by the Federal Energy Regulatory Commission on 06/14/2007 

June 7, 2007. 

Take notice that on May 24, 2007, Enstor Houston Hub Storage and Transportation, LP (Houston Hub), 20333 
State Highway 249, Suite 400, Houston, Texas 77070, filed an application in Docket Nos. CP07-390-000, CP07-391
-000, andCP07-392-000 pursuant to section 7(c) of the Natural Gas Act for a certificate of public convenience and 
necessity authorizing Houston Hub to construct, own, operate, and maintain a new underground natural gas 
storage facility in Liberty County, Texas. Houston Hub also requests a blanket certificate pursuant to Subpart G of 
18 CFR part 284 and a blanket certificate pursuant to Subpart F of 18 CFR part 157. Lastly, Houston Hub seeks 
authority to provide the proposed storage and storage-related services at market based rates. This filing is available 
for review at the Commission in the Public Reference Room or may be viewed on the Commission's Web site at 
http://www.ferc.gov using the “eLibrary” link. Enter the docket number excluding the last three digits in the 
docket number field to access the document. For assistance, please contact FERC Online Support at 
FERCOnlineSupport@ferc.gov or toll free at (866) 208-3676, or for TTY, contact (202) 502-8659.

Any questions regarding this Application should be directed to Joseph H. Fagan, Heller Ehrman LLP, 1717 Rhode 
Island Ave., NW., Washington, DC 20036-3001 at (202) 912-2162 or by fax at (202) 912-2020.

Pursuant to section 157.9 of the Commission's rules, 18 CFR 157.9, within 90 days of this Notice the Commission 
staff will either: Complete its environmental assessment (EA) and place it into the Commission's public record 
(eLibrary) for this proceeding, or issue a Notice of Schedule for Environmental Review. If a Notice of Schedule 
for Environmental Review is issued, it will indicate, among other milestones, the anticipated date for the 
Commission staff's issuance of the final environmental impact statement (FEIS) or EA for this proposal. The filing 
of the EA in the Commission's public record for this proceeding or the issuance of a Notice of Schedule for 
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Environmental Review will serve to notify federal and state agencies of the timing for the completion of all 
necessary reviews, and the subsequent need to complete all federal authorizations within 90 days of the date of 
issuance of the Commission staff's FEIS or EA.

There are two ways to become involved in the Commission's review of this project. First, any person wishing to 
obtain legal status by becoming a party to the proceedings for this project should, on or before the below listed 
comment date, file with the Federal Energy Regulatory Commission, 888 First Street, NE., Washington, DC 20426, 
a motion to intervene in accordance with the requirements of the Commission's Rules of Practice and Procedure 
(18 CFR 385.214 or 385.211) and the Regulations under the NGA (18 CFR 157.10). A person obtaining party 
status will be placed on the service list maintained by the Secretary of the Commission and will receive copies of 
all documents filed by the applicant and by all other parties. A party must submit 14 copies of filings made with 
the Commission and must mail a copy to the applicant and to every other party in the proceeding. Only parties to 
the proceeding can ask for court review of Commission orders in the proceeding.

However, a person does not have to intervene in order to have comments considered. The second way to 
participate is by filing with the Secretary of the Commission, as soon as possible, an original and two copies of 
comments in support of or in opposition to this project. The Commission will consider these comments in 
determining the appropriate action to be taken, but the filing of a comment alone will not serve to make the filer a 
party to the proceeding. The Commission's rules require that persons filing comments in opposition to the project 
provide copies of their protests only to the party or parties directly involved in the protest.

Persons who wish to comment only on the environmental review of this project should submit an original and two 
copies of their comments to the Secretary of the Commission. Environmental commenters will be placed on the 
Commission's environmental mailing list, will receive copies of the environmental documents, and will be notified 
of meetings associated with the Commission's environmental review process. Environmental commenters will not 
be required to serve copies of filed documents on all other parties. However, the non-party commenters will not 
receive copies of all documents filed by other parties or issued by the Commission (except for the mailing of 
environmental documents issued by the Commission) and will not have the right to seek court review of the 
Commission's final order.

Motions to intervene, protests and comments may be filed electronically via the Internet in lieu of paper; see, 18 

CFR 385.2001(a)(1)(iii) and the instructions on the Commission's Web site under the “e-Filing” link. The 
Commission strongly encourages electronic filings.

Comment Date: June 28, 2007.

Kimberly D. Bose,

Secretary.

[FR Doc. E7-11464 Filed 6-13-07; 8:45 am]

BILLING CODE 6717-01-P

Site Feedback 
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Douglas Hanel  
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Permit Clerk  
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Curtis Porter 
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Quick Links 
 
FEMA Floodplain Map 
Service Center 
 
 
Texas Commission on 
Environmental Quality 
 
Downloadable Forms 
(requires Adobe Acrobat 
reader) 
 
 
Subdivision Rules 
(requires Adobe Acrobat 
reader) 
 
 
Road and Drainage Rules 
(requires Adobe Acrobat 
reader) 

Order - Rules for On-Site 
Sewage Facilities (requires 
Adobe Acrobat reader) 

 

 

Effective August 1, 2011

Engineering and Permit Department

BUILDING PERMITS 

RESIDENTIAL $100.00

RESIDENTIAL - FLOOD PLAIN $100.00 + .15 SqFt

COMMERCIAL $400.00

COMMERCIAL - FLOOD PLAIN $400.00 + .15 SqFt

The construction of a building over 100 square ft. including mobile homes not in a flood 
plain

The requirements needed to obtain the permit are: 

1. Legal description of the property  
2. Size of building or mobile home  
3. Number of bedrooms  
4. Year of mobile home  
5. Value of building or mobile home  

The construction of a building over 100 square ft. including mobile homes in the flood plain

THE PERMIT FEE IS BASED ON $0.07 PER SQUARE FT. OR MINIMUM OF $50.00 
The requirements needed to obtain the permit are: 

1. The same requirements listed in the above 1 through 5  
2. Must have elevation certificate  
3. If building is the flood way a no-rise certificate is also attached to the elevation 

certificate  

  

SEPTIC PERMITS $250.00

COUNTY FEE $240.00

STATE FEE $ 10.00

The requirements needed to obtain the permit are: 

1. The same requirements listed in the above 1 through 5  
2. All septic system job sites must have a site evaluation performed before installation  
3. If someone is compensated in any part of installation they must be licensed by the 

TCEQ.  
4. All systems must be installed according to the TCEQ requirements (Chapter 285 

rules for on-site sewer facilities)  

 

WATER WELL

The office keeps a supply of water sample bottles with information on the labs that take 
the samples 

FLOODPLAIN MAPS

The office will verify if property is located in a floodplain according to the flood insurance 
rate maps 

SUBDIVISIONS FEES 

    

PRELIMINARY PLAT 
APPLICATION 
  

$250.00 + $20.00 PER LOT FOR THE FIRST 100 LOTS AND 
$15.00 PER LOT FOR REMAINING LOTS 

FINAL PLAT 
APPLICATION

$350.00 + $20.00 PER LOT FOR THE FIRST 100 LOTS AND 
$20.00 PER LOT FOR THE REMAINING LOTS

  

All new subdivision plats and other requirements for subdivisions must be submitted 
through the permit department. 

   Accessible Version  Imprint 
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Sam Houston Electric Cooperative, Inc.
P. O. Box 1121    Toll Free 1-800-458-0381
Livingston, TX  77351   Coldspring Fax (936) 328-1380
Coldspring Local (936) 653-5400 Livingston Fax (936) 328-1244
Livingston Local (936) 327-5711  Woodville Fax (936) 328-1363
Woodville Local (409) 283-8251      

APPLICATION FOR MEMBERSHIP AND ELECTRIC SERVICE

The undersigned (hereinafter called “Applicant”) hereby applies for membership in and electric service from Sam Houston Electric 
Cooperative, Inc., (hereinafter called “Cooperative”) subject to the following conditions: 
 

1. Applicant agrees to pay Cooperative any required fees and/or deposits.

2. Applicant agrees to comply with and be bound by the provisions of the Articles of Incorporation, Tariff and By-Laws of this 
Cooperative of which Applicant will be a member, and such rules and regulations as may, from time to time, be adopted by the Cooperative 
and /or promulgated or established by the Public Utility Commission of Texas and/or other agencies of the State of Texas and/or the United 
States government; provided, however, that Applicant shall not become a member of the Cooperative until accepted for membership by the 
Board of Directors.

3. Applicant agrees to (a) purchase from Cooperative, at Cooperative’s standard rates for the type of service rendered to Applicant, 
and (b) timely pay for all electric energy and related services to be used on the premises described. All rates and services are subject to 
change or amendment by resolution of the Board of Directors.

4. Applicant hereby grants the Cooperative, its employees and authorized agents, the right and easement to construct, operate, 
remove, repair, and maintain meters, lines, poles, transformers, etc., on the premises herein described and in or upon all streets, roads, or 
highways abutting said premises, its lines and equipment; and also the right to cut, trim, or otherwise control trees necessary to keep them 
clear of all parts of the electric system.

5. Applicant agrees that Applicant will immediately report to the Cooperative any irregularities, malfunctions, abuse, or unauthorized 
tampering with the Cooperative’s electric meters, transformers, wire, or other electric facilities.

6. The Cooperative shall use reasonable diligence to provide a constant and uninterrupted supply of electric energy hereunder. Due 
to some forces out of the control of the Cooperative, the Cooperative, however, cannot insure, guarantee, or warrant that it will provide 
adequate, continuous, or nonfluctuating electric energy at all times.  The Cooperative is not liable for damages, costs, or expenses includ-
ing attorney fees or legal expenses, caused by the Cooperative providing inadequate, noncontinous, or fluctuating electric energy, unless 
the damages, costs or expenses are caused by the Cooperative’s gross negligence or willful misconduct.  The Cooperative’s responsibility and 
liability for providing electric energy shall terminate upon delivery of electric energy to Applicant.  

COMPLETE REVERSE SIDE   
 

Signature of Applicant

        
Signature of Applicant

Agent                                             Title    
  

The above application received 
 
on      , 20 
 
Sam Houston Electric Cooperative, Inc.

By: 
        Signature of Employee

Office use only: 

Account No.     Customer No.



Name of Applicant:  
                       First     Middle    Last
        
Mailing Address:  

Physical Address where electric service will be located:

City, State, Zip:

APPLICANT     SPOUSE’S NAME 

Employer     Employer 

Work Phone   (          )    Work Phone   (          )

Driver’s License No.    Driver’s License No.             

Social Security      Social Security  

Home Phone   (          )    Home Phone   (          ) 

Birthdate    

Name of nearest relative/Relationship 

                Phone:   (          )                  
Name               Relationship         

SERVICE INFORMATION
Is the electricity on now?      Meter No. 

What name is/was the service in?  

What will this meter serve?  Mobile Home, House, Other  

Please describe: color/size 

NEW SERVICE (Complete Only If Service Is For New Meter Loop)
Location:  County:      City:     Permit No.:   

Subdivision:       Street: 

Lot:        Block:      Section: 

General Directions:  

Name of nearest neighbor:

Will it be necessary to cross someone else’s property with our line?

Is your meter loop ready to be inspected?

Is your meter loop 100 amp or 200 amp?     Overhead or underground service?  

Approximately how many feet to our nearest pole?  Is it on your side of the street?

SECURITY LIGHT
Would you like a security light set on an existing service pole?  Yes    No 

If yes, which direction do you want the light to face?    

Fees
     Deposit     Connect      Electric Pmt.          
       

(copy required) (copy required)



 
 
B. Line and service extensions  
 
(1)  General  
 
 (a) The Cooperative is dedicated to deliver electric service to all classes of  
 Consumers within the Cooperative's service area.  
 
 (b) The Line and Service Extension rules and regulations contained herein shall apply 
 to all Applicants and Consumers requiring new electric facilities.  
 
 (c) The estimated cost of constructing the line extensions described herein is the total 
 cost of  construction, including labor, materials and overhead costs, right-of-way 
 acquisition and clearing costs, and all other costs pertaining to the line extension.  
 
 (d) Regardless of the payment of any contributions-in-aid of construction by Consumers, 
 all facilities constructed by the Cooperative shall become the property of and remain 
 in the control of the Cooperative.  
 
 (e) A non-refundable fee of $150.00 will be charged for all new construction. This fee 
 is in addition to other charges for specific types of construction outlined in 
 subsequent  sections of this tariff.  
 
(2)  Scope  
 
 The Cooperative will extend electric service, overhead or underground under the terms 
 and conditions hereinafter specified.  
 
(3)  Consumer Responsibility  
 
 The prospective Consumer shall make Application for electric service at the offices of the 
 Cooperative. The Applicant may be required to provide deposits or contributions as 
 specified in Rules and Regulations. The Cooperative will determine and design the 
 electric service to meet the power requirements specified by the Applicant.  
 
(4)  Residential Line Extension  
 
 (a) Permanent Residential Dwelling: Overhead line extensions will be made to Permanent 
 Residential Dwelling for no charge to the Consumer for the first $2,500.00 of the 
 estimated cost of making the extension. The Consumer shall pay a contribution-in-
 aid of construction equal to the amount by which that estimated cost exceeds an 
 allowance of $2,500.00.  
 
 Underground line extensions will be made to Permanent Residential Dwellings for no 
 charge to the Consumer for the first $4,000.00 of the estimated cost of constructing 
 the line extension. The Consumer shall pay a contribution-in-aid of construction equal to 
 the amount by which that estimated cost exceeds an allowance of $4,000.00. The 
 Cooperative at its sole discretion will determine if the line extension will be constructed 
 using overhead or underground facilities.  



 
 (b) Other Residential: Line extensions will be constructed to a residence or dwelling not 
 considered a permanent residential dwelling, barn, shop, water well, gate opener, or other 
 service that is used for non-commercial purpose for no charge to the Consumer for the 
 first $800.00 of the estimated cost of the line extension. The Consumer shall pay a 
 contribution- in-aid of construction equal to the amount by which that estimated cost 
 exceeds an allowance  of $800.00. The Cooperative at its sole discretion will determine if 
 the line extension will be constructed using overhead or underground facilities.  
 
(5)  Platted Residential Developments: Line extensions will be made to and within Platted 
 Residential Developments that are to be primarily used or developed for Permanent 
 Residential Dwellings and provided that, in the Cooperative’s judgment, the 
 Development is not unduly speculative and will be developed in a planned manner. 
 The line extension design and use of overhead and/or underground facilities will be 
 determined at the Cooperative’s discretion.  
 
 (a) The Developer shall pay an advance for construction for all costs for extending 
 primary lines to the front roadway of each tract or lot, excluding transformer costs. 
 Thirty-six (36) months after the date that the Cooperative energized service to the 
 development, and upon the Developer submitting a written request to the  Cooperative 
 within ninety (90) days thereafter, the Developer will be eligible for a refund of a portion 
 of the advance for construction based on the number of Permanent Residential Dwellings 
 to which electric service is provided. In no event shall the Developer be reimbursed for 
 any Permanent Residential Dwellings for which electric service is provided after the 
 thirty-six (36) month  period reference above. The  amount of the refund shall be 
 $1,500.00 per residence served by overhead primary line extensions and $2,500.00 per 
 residence served by underground  primary line extensions, provided, however, that the 
 total amount of the refund cannot exceed the amount of the advance for construction paid 
 by the Developer. The Cooperative will verify the number of Permanent Residential 
 Dwellings and process the refund in a timely manner.  
 
 (b) The Consumer shall pay a contribution-in-aid of construction for all costs to extend 
 lines from the front roadway to each Point of Delivery on the Consumer’s property as 
 defined in Section (4)(a) or (4)(b) of the Tariff, as applicable.  
 
(6)  Other Line Extensions  
 
 (a) The Cooperative will construct line extensions to serve all other permanent 
 installations which will be classified as a commercial, industrial, or public building 
 installation. The line extensions, at the discretion of the Cooperative will be overhead, 
 underground or a combination of both. The line extension will be evaluated on a case-
 by-case basis in accordance with the formula provided in Appendix B to determine 
 feasibility, and shall be constructed subject to the Consumer paying any applicable 
 contribution-in-aid of  construction.  
 
 (b) Determination of the necessity of constructing any three-phase line extensions will be 
 left to the sole discretion of the Cooperative.  
 
 



(7) Overhead Service to Security Lights: Where installation of a pole and a service line 
 extension (up to a maximum of 150 feet) are necessary, the Consumer shall pay a 
 contribution-in-aid of construction in the amount of $300.00. Where an additional 
 transformer installation is necessary, the Consumer shall pay a contribution-in-aid of 
 construction of $600.00 per transformer. If required, overhead primary line extensions 
 will be built to serve a security light upon payment by the Consumer of a contribution-in-
 aid of  construction equal to the entire cost of such primary extension, including the cost 
 for any necessary easements and/or right-of-way clearing for the entire extension.  
 
 
(8)  Other Installations: For all other installations not described above, where facilities are 
 either installed, removed or relocated upon the Consumer’s request and for the sole 
 benefit of the Consumer, a contribution-in-aid of construction equal to the estimated cost 
 of the installation, removal, or relocation must be paid by the requesting Consumer.  
 
 
(9)  Area Development Plan: At the Cooperative’s discretion, service facilities may also 
 be extended at the Cooperative’s expense provided the facilities are required for 
 increased reliability, service continuity, or development of the Cooperative’s distribution 
 system. In conjunction with the installation of such facilities, the Cooperative may 
 extend service from these facilities to Consumers in accordance with the appropriate 
 line extension provision.  
 
 
(10)  Terms of Payment: All required fees, charges, deposits, contributions, or 
 reimbursements to the Cooperative as described herein, under Rules and Regulation No. 
 10 “NEW CONSTRUCTION”, must be paid in advance by the specified Consumer, 
 Developer, or Applicant.  
 
 



 

   

APPLICATION FOR 
MEMBERSHIP & 
ELECTRIC SERVICE 
Application
Application ( Español)
Deposit Policy
Rates
New Construction Service

NEW CONSTRUCTION 
SERVICE
Meter Loop Specs 
Line Extension Policy 
Permit Requirements

GET SERVICE FOR 
EXISTING LOCATION

UPGRADING YOUR 
SERVICE

YOUR METER
Reading
Testing

TREE TRIMMING INFO

Your Electric Service > Get Service for New Construction 

For locations where no electric service has previously existed. 
 
New Membership 
If you are applying for new membership and electric service, it is necessary to submit a completed and 
signed application. You may pick up an application at any of our three office locations or download a copy 
from our website. If you prefer, we can send an application to you via fax or mail. Simply return your 
completed application to any of our three offices in person, by fax or by mail. 

A $75 connection charge and a non-refundable $150 construction-in-aid charge for the electric service must 
be paid before service is extended to your home or business. 

The following information will be helpful in expediting your new construction service request, whether you 
are a new member or you’ve had service with us for years. 

Contact information  
(name, address, phone numbers, social security number, driver's license number)  
Location information 

Community name  
Subdivision, lot number, block, section  
Street  
Closest neighbor  
Distance from nearest existing electric pole  
Is the closest pole on same side of street?  
County (click here for permit requirement information)  

Will the permanent service be underground or overhead?  
Is the meter loop ready?  

Current Members 
If you are currently a member and have, or have previously had electric service with Sam Houston EC, 
there are several options available to you for requesting service for new construction. 

1. Call any Sam Houston EC office, and a Member Services Representative (MSR) will collect the 
necessary information and assist you in setting up your new service account.  
 

2. Come to any of our three office locations and apply for new service in person.  
 

3. Or, you may choose to apply online. After you have completed the Electric Service Request Form, 
the information that you provided will be processed by a Member Services Representative. If 
additional information is required, an MSR will contact you.  

  

  Application Form

  Application Form (Español )

  Deposit Policy

  Line Extension Policy

 Rate Information
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401 Certification Rules and Information
The TCEQ conducts Section 401 certification reviews of U.S. Army Corps of Engineers Section 404 permit applications
for the discharge of dredged or fill material into waters of the U.S., including wetlands.

The documents and web sites linked below provide more detailed guidance and information regarding 401 certification reviews and
associated requirements for permit applicants.

TCEQ is responsible for conducting 401 certification reviews of the U.S. Army Corps of Engineers 404 permits. Coordination procedures for
401 certifications in Texas are described in a Memorandum of Agreement (MOA) between Texas Commission on Environmental Quality
(TCEQ) and the Corps. The MOA is available in the Portable Document Format (PDF). (Help with PDF.)

TCEQ rules (Chapter 279, Texas Administrative Code) regarding water quality certification

U.S. Army Corps of Engineers Regulatory Program

Related content

 401 Certification Reviews
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Disclaimer |

Web Policies |
Accessibility |

Helping our Customers |
TCEQ Homeland Security |
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401 Certification Rules and Information - Texas Commission on Environm... http://www.tceq.texas.gov/waterquality/assessment/401certification/401ce...
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY 

State Water Quality Certification of Section 404 Permits

One of the requirements for obtaining a U.S. Army Corps of Engineers Section 404 permit is certification from
the Texas Commission on Environmental Quality (TCEQ) that the discharge to be permitted will comply with
state water quality standards.  Because these reviews are done under the authority of Section 401 of the federal
Clean Water Act, they are referred to as Section 401 certification reviews.  

Every state sets its own water quality standards.  They serve many purposes, including acting as the yardsticks
for measuring whether the quality of each body of water in the state is kept at the level necessary to perpetuate
the human and aquatic life that has historically existed there.  In allowing pollutants to be added to state water
(which includes a broad range of substances such as chemicals, concrete, rock, sand, or other materials), both
the federal and the state governments are required to be sure that the discharge will not create a condition
that will impair the ability of life existing in or depending on the water to survive and reproduce. The state
is charged with confirming that the federal permit accomplishes this. The TCEQ is the agency with primary
responsibility for making sure we adopt and enforce state water quality standards. It conducts 401 certification
reviews to ensure that Texas is involved in decisions made by the federal government that affect the quality
of the water resources of this state.

The 401 certification program is also an important component for protecting our coastal resources under the
Texas Coastal Management Program (CMP).  The CMP is designed to accomplish goals set by the state
legislature for coastal resource protection and to meet specific requirements for an approved plan under the
federal Coastal Zone Management Act (CZMA).  Certain activities, such as discharges of material authorized
by Section 404 permits, must be consistent with the state CMP when they occur within the coastal zone
boundary.  Projects that are granted 401 certification are deemed to be consistent with the CMP.

Section 404 permits often involve impacts to wetlands, which, like all waters, are the responsibility of the state.
Through 401 certification reviews of Section 404 permit applications, TCEQ is able to preserve these
resources and the functions they perform in maintaining human and aquatic uses of state waters.  Efforts to
avoid and/or minimize adverse impacts to wetlands are taken to retain the important functions these water
bodies provide for maintaining and improving water quality.  The presence of wetlands on a site can provide
important water quality benefits.  Wetlands act like sponges, and can soak up and retain runoff, slowing down
surface water, which reduces erosion and sedimentation downstream.  By holding water, even temporarily,
wetlands also remove and retain nutrients, process organic wastes and reduce sediment before the water
continues downstream.  Some wetlands also recharge underground aquifers that provide drinking water.
Because wetlands are among the most biologically productive natural ecosystems in the world, many fish,
wildlife, and plants also depend on wetlands for habitat, including a large portion of the threatened and
endangered species that survive in Texas.  
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401 Certification Program Description:
 
TCEQ has developed a tiered system of review for all individual Section 404 permit applications based upon
project size and the amount of state water affected.  The extent of 401 certification review will vary between
the different tiers, as well as the type of wetland affected. 
  
Tier I:

Generally, for small projects that affect less than three acres of waters in the state, or less than 1500 linear feet
of streams, TCEQ has determined that incorporating certain best management practices (BMPs) and other
requirements into the project will sufficiently address the likelihood that water quality will remain at the
desired level.  For those projects, no further 401 review will be necessary if the permittee agrees to include
those BMPs and requirements in their project which makes them part of their Section 404 permit.  These
BMPs are designed to minimize impacts to water quality.  If a project has a combination of impacts that exceed
the threshold or is submitted after the fact, it does not qualify as a Tier I project.  For purposes of calculating
the Tier 1 threshold, one acre of impact is considered equal to 500 linear feet of impact.  Applicants desiring
to utilize BMPs for Tier I projects must include a signed Tier 1 checklist with their application for an
individual Section 404 permit.  The checklist must incorporate all applicable BMPs for the proposed project,
which the applicant has chosen to implement.  If a complete checklist is submitted, no further review or
certification by the TCEQ is required (unless an exception to Tier 1 applies — see below).  When the permit
is issued, the BMPs and other provisions of the checklist become part of it, and failure to implement any of
them is a violation of the permit.  Applicants who do not wish to incorporate all provisions of the checklist
into their project or desire to use alternatives may seek individual 401 review and certification from TCEQ.
The TCEQ will periodically review alternative BMPs for inclusion in the checklist.

The required BMPs and descriptions of each are included in this packet. 

Exceptions:

Projects that impact certain types of rare or ecologically significant wetlands are not eligible for inclusion in
Tier I and will require individual review, even if they are under the size threshold.  These wetlands are
identified by the Corps in its regional conditions to the Nationwide Permits in Texas, and include the
following habitats:

Pitcher plant bogs, swamps dominated by bald cypress and tupelo gum tree species, the area
of Caddo Lake within Texas that is designated as a Ramsar Wetland of International
Importance, mangrove marshes and coastal dune swales.

Tier II:

Any project that does not qualify for a Tier 1 review or for which the applicant elects not to incorporate Tier
I criteria or prefers to use alternatives will be considered a Tier II project.  Tier II projects are subject to an
individual certification review by TCEQ.  This review will be done  consistent with streamlining practices
developed by the TCEQ and U.S. Army Corps of Engineers.  A Tier II 401 Certification Questionnaire and
Alternative Analysis Checklist are included in this packet.



Tier II 401 Certification Questionnaire and 
Alternatives Analysis Checklist 

 
 
Does your project meet Texas’ water quality standards? 
 
The Texas Commission on Environmental Quality (TCEQ) must consider this question for all proposed 
projects seeking a Section 404 dredge and fill permit. 
 
********** 
 
One of the requirements for obtaining a Corps of Engineers Section 404 permit is certification from the 
TCEQ that the permit will comply with State water quality standards. This requirement is authorized by 
Section 401 of the Federal Clean Water Act, and is therefore referred to as 401 certification. 
 
The attached 401 certification questionnaire must be submitted in order for the TCEQ to determine 
whether or not a project should be granted 401 certification. Please note that the information requested in 
this questionnaire is not required in order for a Section 404 application to be considered administratively 
complete by the Corps of Engineers. However, failure to provide this information (including the 
Alternatives Analysis Checklist) to the TCEQ (within 30 days of the public notice) may cause your 
project to be denied 401 certification without prejudice. 
 
What do you need to submit to TCEQ? 
 
1. A completed 401 certification questionnaire 
 
2. A completed Alternatives Analysis Checklist (if your project affects surface water in the State, 

including wetlands) 
 
3. A map with the location of the project clearly marked (A U.S. Geological Survey (USGS) 

topographic map strongly recommended) 
 
4. Photographs or a video cassette showing the project area and any associated disposal areas (Map 

and photos should be numbered to show where the photos were taken and the area covered by 
each photo) 

 
What is involved in review of Section 401 certifications? 
 
1. Filing an application with the Corps starts both the 404 permit and the 401 certification processes 
 
2. A Joint Public Notice is issued by the Corps and the TCEQ after receipt by the Corps of a 

completed application to inform the public and other government agencies of the proposed
activity 

 
• A 30 day comment period follows 
• The TCEQ may hold a public hearing to consider the potential adverse impacts of the 

proposed project on water quality 
 

3. The TCEQ may request additional information from the application, persons submitting
comments or requesting a hearing, or other resource agencies 

 
4. A final 401 certification decision will be provided following the end of the comment period. 
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

Tier II
 401 Certification Questionnaire 

The following questions seek to determine how adverse impacts will be avoided during
construction or upon completion of the project. If any of the following questions are not applicable
to your project, write NA ("not applicable") and continue. 

Please include the applicant's name as it appears on the Corps of Engineers' permit application
(and permit number, if known) on all material submitted. The material should be sent to: 

Texas Commission on Environmental Quality
Attn: 401 Coordinator (MC-150)
P.O. Box 13087 
Austin, TX 78711-3087 

I. Impacts to surface water in the State, including wetlands 

A. What is the area of surface water in the State, including wetlands, that will be disturbed,
altered or destroyed by the proposed activity?

B. Is compensatory mitigation proposed? If yes, submit a copy of the mitigation plan.  If
no, explain why not. 

C. Please complete the attached Alternatives Analysis Checklist. 

II. Disposal of waste materials 

A. Describe the methods for disposing of materials recovered from the removal or
destruction of existing structures. 

B. Describe the methods for disposing of sewage generated during construction. If the
proposed work establishes a business or a subdivision, describe the method for
disposing of sewage after completing the project. 

C. For marinas, describe plans for collecting and disposing of sewage from marine
sanitation devices. Also, discuss provisions for the disposing of sewage generated from
day-to-day activities. 
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III. Water quality impacts 

A. Describe the methods to minimize the short-term and long-term turbidity and suspended
solids in the waters being dredged and/or filled. Also, describe the type of sediment
(sand, clay, etc.) that will be dredged or used for fill.

B. Describe measures that will be used to stabilize disturbed soil areas, including: dredge
material mounds, new levees or berms, building sites, and construction work areas. The
description should address both short-term (construction related) and long-term (normal
operation or maintenance) measures. Typical measures might include containment
structures, drainage modifications, sediment fences, or vegetative cover.  Special
construction techniques intended to minimize soil or sediment disruption should also be
described. 

C. Discuss how hydraulically dredged materials will be handled to ensure maximum
settling of solids before discharging the decant water. Plans should include a calculation
of minimum settling times with supporting data (Reference: Technical Report, DS-
7810, Dredge Material Research Program, GUIDELINES FOR DESIGNING,
OPERATING, AND MAINTAINING DREDGED MATERIAL CONTAINMENT
AREAS).  If future maintenance dredging will be required, the disposal site should be
designed to accommodate additional dredged materials. If not, please include plans for
periodically removing the dried sediments from the disposal area. 

D. Describe any methods used to test the sediments for contamination, especially when
dredging in an area known or likely to be contaminated, such as downstream of
municipal or industrial wastewater discharges. 
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

Tier II
Alternatives Analysis Checklist

I. Alternatives
A. How could you satisfy your needs in ways which do not affect surface water in the

State?
B. How could the project be re-designed to fit the site without affecting surface water in the

State?
C. How could the project be made smaller and still meet your needs?
D. What other sites were considered?

1.   What geographical area was searched for alternative sites?
2. How did you determine whether other non-wetland sites are available for

development in the area?
3. In recent years, have you sold or leased any lands located within the vicinity of the

project?  If so, why were they unsuitable for the project?
E. What are the consequences of not building the project?

II. Comparison of alternatives
A. How do the costs compare for the alternatives considered above?
B. Are there logistical (location, access, transportation, etc.) reasons that limit the

alternatives considered?
C. Are there technological limitations for the alternatives considered?
D. Are there other reasons certain alternatives are not feasible?

III. If you have not chosen an alternative which would avoid impacts to surface water in the
State, please explain:
A. Why your alternative was selected, and
B. What you plan to do to minimize adverse effects on the surface water in the State

impacted.

IV. Please provide a comparison of each criteria (from Part II) for each site evaluation in the
alternatives analysis.
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                Texas Commission on Environmental Quality 

 

401 Water Quality Certification Conditions for Nationwide Permits 
Attachment 1 

 
Below are the 401 water quality certification conditions the Texas Commission on Environmental Quality 
(TCEQ) added to the March 12, 2007 issuance of Nationwide Permits (NWP), as described in the Federal 
Register (Part II, Vol. 67, No. 10, pages 2020-2095). 
 
Additional information regarding these conditions, including descriptions of the best management practices 
(BMPs), can be obtained from the TCEQ by contacting the 401 Coordinator, MC-150, P.O. Box 13087, 
Austin, Texas 78711-3087 or from the appropriate U.S. Army Corps of Engineers district office. 
 
I.  Erosion Control 
 
Disturbed areas must be stabilized to prevent the introduction of sediment to adjacent wetlands or water 
bodies during wet weather conditions (erosion).  At least one of the following BMPs  must be maintained and 
remain in place until the area has been stabilized for NWPs 3, 6, 7, 12, 13, 14, 15, 17, 18, 19, 21, 22, 25, 27, 
29, 30, 31, 32, 33, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 49, and 50. If the applicant does not choose 
one of the BMPs listed, an individual 401 certification is required. 
  

o  Temporary Vegetation   o  Blankets/Matting 
 

o  Mulch     o  Sod 
 

o  Interceptor Swale    o  Diversion Dike 
 

o  Erosion Control Compost   o  Mulch Filter Berms and Socks 
 

o Compost Filter Berms and Socks 
 
II.  Sedimentation Control 
 
Prior to project initiation, the project area must be isolated from adjacent wetlands and water bodies by the 
use of BMPs to confine sediment.  Dredged material shall be placed in such a manner that prevents sediment 
runoff into water in the state, including wetlands.  Water bodies can be isolated by the use of one or more of 
the required BMPs identified for sedimentation control.  These BMP=s must be maintained and remain in 
place until the dredged material is stabilized.  At least one of the following BMPs must be maintained and 
remain in place until the area has been stabilized for NWPs 3, 6, 7, 12, 13, 14, 15, 17, 18, 19, 21, 22, 25, 27, 
29, 30, 31, 32, 33, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 49, and 50. If the applicant does not choose 
one of the BMPs listed, an individual 401 certification is required. 
 

o  Sand Bag Berm    o  Rock Berm 
 

o  Silt Fence     o  Hay Bale Dike 
 

o  Triangular Filter Dike    o  Brush Berms 
 

o  Stone Outlet Sediment Traps   o  Sediment Basins 
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o  Erosion Control Compost   o  Mulch Filter Berms and Socks 

 
o Compost Filter Berms and Socks 
 

III.  Post-Construction TSS Control 
 
After construction has been completed and the site is stabilized, total suspended solids (TSS) loadings shall be 
controlled by at least one of the following BMPs for NWPs 12, 14, 17, 18, 21, 29, 31, 36, 39, 40, 41, 42, 44, 
45, 49, and 50.  If the applicant does not choose one of the BMPs listed, an individual 401 certification is 
required.  Runoff from bridge decks has been exempted from the requirement for post construction TSS 
controls. 
 

o  Retention/Irrigation Systems   o  Constructed Wetlands 
 

o  Extended Detention Basin   o  Wet Basins 
 

o  Vegetative Filter Strips   o  Vegetation lined drainage ditches 
 

o Grassy Swales     o  Sand Filter Systems 
 

o Erosion Control Compost   o  Mulch Filter Berms and Socks 
 

o Compost Filter Berms and Socks  o  Sedimentation Chambers* 
 
* Only to be used when there is no space available for other approved BMPs. 

 
IV.  NWP 16: Return Water from Upland Contained Disposal Areas
 
Effluent from an upland contained disposal area shall not exceed a TSS concentration of 300 mg/L unless 
a site-specific TSS limit, or a site specific correlation curve for turbidity (nephelometric turbidity units 
(NTU)) versus (TSS) has been approved by TCEQ. 
 
V.  NWP 29, 39, 40, and 42, 43 
 
The Corps will copy the TCEQ on all authorizations for impacts of greater than 300 linear feet of intermittent 
and ephemeral streams. 
 
VI. NWP 13 and 41 
 
The Corps will copy the TCEQ on all authorizations for impacts greater than 500 linear feet in length of 
ephemeral, intermittent, perennial streams or drainage ditches. 
 
VII.  NWP 36 
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The Corps will copy the TCEQ on all authorizations for discharges greater than the 50 cubic yard limit or 
boat ramps greater than 20 feet in width. 
 
VIII.  NWPs 7, 12, 14, 15, 17, 18, 19, 22, 25, 29, 30, 31, 32, 33, 36, 37, 39, 40, 41, 42, 43, 44, 45, 46 
 
These NWPs are not authorized for use in coastal dune swales in Texas. 
 
 







TEXAS COMMISSION ON ENVIRONMENTAL QUALITY 
P.O. Box 13087, MC-160, Austin, Texas  78711-3087 
Telephone No. (512) 239-4691 FAX (512) 239-4770 

 
APPLICATION FOR AN EXTENSION OF TIME TO BEGIN AND/OR 

COMPLETE CONSTRUCTION OF AN AUTHORIZED PROJECT 
§11.145, TEXAS WATER CODE 

TO BE SUBMITTED PRIOR TO EXPIRATION DATE 
 

 
Notice:  This form will not be processed until all delinquent fees and/or penalties owed to the TCEQ or the Office of the 

Attorney General on behalf of the TCEQ are paid in accordance with the Delinquent Fee and Penalty Protocol. 
 
1. Applicant Information 

Permittee/Owner Name:              

Mailing Address:             

               

Telephone No(s) Home:      Office:         

Social Security or Federal I.D. No.:             

 Email Address: ________________________________________Fax:______________________ 

2. Applicant owes fees or penalties? 

Yes No
 

If yes, provide the amount and the nature of the fee or penalty as well as any identifying number: 
  

 
3. Project Data 

Certificate of Adjudication No.:     Permit No.:         

Water Right Issue Date:      Stream:         

River Basin:        County:        

4. Dates 

BEGINNING CONSTRUCTION DATE: COMPLETION DATE: 

Original (Date in water right):   Original:     

Current (From last extension granted, if applicable):   Current:     

Proposed:   Proposed:     

5. Reason(s) for delay and why the proposed dates requested are necessary. 

The applicant must include* why the extension should be granted and why the permit should not be 
forfeited if the commission finds that sufficient due diligence to begin and/or complete construction of the 
authorized project has not been demonstrated.  Reasonable causes for delay include, but are not limited to, 
the operation of legal proceedings or other causes which were not within the reasonable control of the 
permittee and which were reasonably unforeseeable at the time of the appropriation or the last extension.  
Financial hardship shall not, by itself, constitute sufficient cause for the granting of an extension.  Notice of 
the application, if required, will also indicate that the Commission will consider whether the appropriation 
shall be forfeited by the applicant, if the extension is denied. 

 
* Please attach or enclose a statement setting forth the reasons why construction work could not be commenced or 
completed. 
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6. Application Fees 
  
 Please make checks payable to the Texas Commission on Environmental Quality or TCEQ 
 Note:  Mailed and published notice of the application is required if a new beginning date for construction is 

more than four years past the original issue date of the water right, or a new completion date for 
construction is more than five years past the original completion date. 

 
 A. If the application does not require mailed and published notice, fees are as follows: 

Filing    $100.00 
  Recording ($1.25 per page)       2.50 

Total Fees   $102.50 
 

B. If the application does require mailed and published notice, fees are as follows: 
Filing    $100-$2000 (depending of size of project) 
Recording ($1.25 per page) $2.50 

 Extension   {Includes storage ($.50 per acre-foot, except for Recreation 
storage which is $1.00 per acre-foot) and Use ($1.00 per 
acre-foot, except for agricultural, which is $.50 per acre to 
be irrigated)} 

  Notice     {Different for each basin and the applicant will publish the notice in  
       a locally circulated newspaper at its expense} 

  
 
7. Signature of Applicant(s) 

See Texas Administrative Code §295.14. 
 
 

Signature(s)                   
   Name (Sign)     Name (Sign)     
 
                    
   Name (Printed)    Name (Printed) 

 
Subscribed and sworn to as being true and correct before me on this the           day of      , 20_ . 

 
 
 
 
                  
         Notary Public, State of Texas  
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Texas Commission on Environmental Quality 
PO Box 13087, MC-160, Austin, Texas 78711-3087 

Telephone (512) 239-4691, FAX (512) 239-4770 
 

APPLICATION FOR AMENDMENT TO A WATER RIGHT  

Notice:  This form will not be processed until all delinquent fees and/or penalties owed to the TCEQ or the Office 
of the Attorney General on behalf of the TCEQ are paid in accordance with the Delinquent Fee and Penalty 
Protocol. 

Customer Reference Number (if issued): CN  
Note:  If you do not have a Customer Reference Number, complete Section II of the Core Data Form (TCEQ-10400) and submit it with this application. 

1. Name:    

 Address:   

   

 Phone Number:   Fax Number:   

 Email Address:    

2. Applicant owes fees or penalties? 
 

 If yes, provide the amount and the nature of the fee or penalty as well as any identifying number: 
Yes No

   
 
3.  Permit No.  __ Certificate of Adjudication No. ______________  
  
 Stream:  Watershed:    

 Reservoir (present condition, if one exists):   

 County:   

4. Proposed Changes To Water Right Authorizations: 
   

   
 (Attach additional page as necessary, attach map/plat depicting project location, diversion point, place of use, and other pertinent data).  

5. I understand the Agency may require additional information in regard to the requested amendment before 
considering this application. 

 
 
     
 Name (sign)   Name (sign)   

 
 
     
 Name (print)   Name (print) 
 
    

 
Subscribed and sworn to me as being true and correct before me this  day of 
 
  , 20 . 

    
 
     
     Notary Public, State of Texas 
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Supplemental Diversion Point Information Sheet 
 
Diversion Point No.  . 
 

1) Watercourse:   ___ 
 

Location of point of diversion at Latitude   __________°N, Longitude ___________  °W, also,  

bearing  _° __, _ feet (distance) from the  __corner of the _________________ 

 __ Original Survey No.  , Abstract No.  , in 

  County, Texas.  (Provide the latitude and longitude coordinates in decimal degrees, to at 
least six decimal places.  Indicate the method used to calculate the diversion point location). 

3)  Location from County Seat:   miles in a  direction from  ,  

  County, Texas. 

Location from nearby town (if other than County Seat):    miles in a   

direction from     , a nearby town shown on county highway map. 

4) Zip Code:   

5)  The diversion will be (check () all appropriate boxes and if applicable, indicate whether existing or proposed): 

 Directly from stream  Existing  Proposed 

 From an on-channel reservoir   

 From a stream to an off-channel reservoir   

 From a stream to an on-channel reservoir   

 From an off-channel reservoir   

 Other method (explain fully, use additional sheets if necessary)   
 

6)   Rate of Diversion (Check () applicable provision): 
  ___1.  Diversion Facility: 
   A.  Maximum gpm (gallons per minute) 
    1)   Number of pumps 
    2)     Type of pump 
    3)   gpm, Pump capacity of each pump 
    4) Portable pump   Yes or   No 
 
  ___2.  If by gravity: 
   A.    Headgate    Diversion Dam    Maximum gpm 
   B.   Other method (explain fully - use additional sheets if necessary) 

  
7)   The drainage area above the diversion point is   acres or   square miles. 
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Supplemental Dam/Reservoir Information Sheet 

 
Dam (structure), Reservoir and Watercourse Data 

A. Type of Storage Reservoir (indicate by checking () all applicable) 

   
on-channel off-channel existing structure proposed structure* exempt structure**

 
*Applicant shall provide a copy of the notice that was mailed to each member of the governing body of each county and municipality in which 
the reservoir, or any part of the reservoir, will be located as well as copies of the certified mailing cards. 
**TWC Section 11.143 for uses of water for other than domestic, livestock, or fish and wildlife from an existing, exempt reservoir with a capacity 
of 200 acre-feet or less.  Please complete Paragraph 6 below if proceeding under TWC 11.143. 

 Date of Construction     

 B. Location of Structure No.  . 

1)  Watercourse:                                                                                               

2)  Location from County Seat:   miles in a  direction from  ,  

  County, Texas. 

   Location from nearby town (if other than County Seat):   miles in a   direction from 

 , a nearby town shown on county highway map. 

3) Zip Code:   

4)  The dam will be/is located in the   Original Survey 

No.    , Abstract No.   in   County, Texas.   

5)  Station   on the centerline of the dam is  °   (bearing),      feet 

(distance) from the    corner of       Original 

Survey No.    , Abstract No.            , in      County, Texas, also 

being at Latitude                             °N, Longitude         °W. (Provide the latitude and longitude 
coordinates in decimal degrees, to at least six decimal places. Indicate the method used to calculate the diversion point location). 

 C. Reservoir: 

 1)  Acre-feet of water impounded by structure at normal maximum operating level:   

 2)  Surface area in acres of reservoir at normal maximum operating level:     

D. The drainage area above the dam is    ____ acres or   square miles. 

E. Other: 

 1)  If this is a U.S. Natural Resources Conservation Service (NRCS) (formerly Soil Conservation 

Service (SCS)) floodwater-retarding structure, provide the Site No.           and watershed 

project name      

  2)  Do you request authorization to close the "ports" or "windows" in the service spillway? 

 
 
Yes No

 
 
 
 
 
 
 



 

Form TCEQ-10201 (revised 2/2010)             Page 4  
 

 
Supplemental Discharge Point Information Sheet 

 
Discharge Point No. or Name:   

1)  Select the appropriate box for the source of water being discharged: 

 � Treated effluent 

 � Groundwater 

 � Other   

2) Location of discharge point will be/is at Latitude_____________° N, Longitude  ___________°W,  

also bearing ________°______, _______feet from the __  corner of the  ____________ 

Original Survey No.   , Abstract No.  , in  County, Texas.  

Provide the latitude and longitude coordinates in decimal degrees, to at least six decimal places, and indicate the 
method used to calculate the diversion point location. (i.e., GPS  Unit, USGS 7.5 Topographic Map, etc.)  

  

3)  Location from County Seat:   miles in a  direction from  ,  

  County, Texas. 

Location from nearby town (if other than County Seat):    miles in a   

direction from     , a nearby town shown on county highway map. 

4) Zip Code:   

5) Water will be discharged into  stream/reservoir,  

(tributaries) , 

  Basin. 

6)  Water will be discharged at a maximum rate of   cfs (   gpm).  

7)  The amount of water that will be discharged is  acre-feet per year. 

8)  The purpose of use for the water being discharged will be  . 

9)  Additional information required:  

For groundwater 

1. Provide water quality analysis and 24 hour pump test for the well if one has been conducted. 

2. Locate and label the groundwater well(s) on a USGS 7.5 Minute Topographic Map 

3. Provide a copy of the groundwater well permit if it is located in a Groundwater Conservation District. 

4. What aquifer the water is being pumped from? 
 
For treated effluent 

1. What is the TPDES Permit Number?  Provide a copy of the permit. 

2. Provide the monthly discharge data for the past 5 years. 

3. What % of treated water was groundwater, surface water? 

4. If any original water is surface water, provide the base water right number. 
 



 

Texas Commission on Environmental Quality 

 

PO Box 13087, MC-160, Austin, Texas 78711-3087 
Telephone (512) 239-4691, FAX (512) 239-4770 

 
INSTRUCTIONS TO PREPARE AN APPLICATION FOR 

A PERMIT TO APPROPRIATE PUBLIC WATER 
(SECTIONS 11.121, 11.042, 11.085 or 11.143, TEXAS WATER CODE) 

TEXAS ADMINISTRATIVE CODE CHAPTERS 30, 50, 281, 287, 288, 295, 297, AND/OR 299 
  

Copies of Obtaining TCEQ Rules, publication GI-032, are available from TCEQ Publications at (512) 239-
0028 or from various outside sources.  In addition, you may access these forms through the internet at 
www.tceq.state.tx.us. 
 
Use a typewriter or print in ink (do not write in longhand) to complete the form.  Return the original 
application form and six (6) copies to the Commission.  Retain a copy and instruction sheets for your 
records.  In addition, provide six (6) copies of application plans and supporting materials (certain small 
projects may not require plans).  One set of the plans, if required, shall be on a reproducible medium. 
 
Mail completed application and related materials to the letterhead address above.  (Please note: if 
including a check, mail directly to P.O. Box 13088, Austin, TX 78711-3088). 
 
Statutorily required fees are one-time fees and must be paid before any action will be taken on an 
application.  The usual fees are shown on the attached fee sheet (see Attachment A).  For additional fee 
provisions, see 30 Texas Administrative Code (TAC) §§  295.131-139. 
 
INSTRUCTIONS FOR COMPLETING FORM TCEQ-10214: 

1. Applicant Information 

A. Applicant Name and Contact Information 

B. Customer Reference Number 
If you do not have a Customer Reference Number, complete Section II of the Core Data Form 
(TCEQ-10400) and submit it with this application.   

C. Fees and Penalties 
The application will not be processed until all delinquent fees and/or penalties owed to the TCEQ 
or the Office of the Attorney General on behalf of the TCEQ are paid. 

D. Lienholder Information 
Provide this information on the holder of any liens on any land to which the water right would be 
appurtenant. 

2. Dam (structure), Reservoir, and Watercourse Data: 

A. Type of Storage Reservoir  
Select the appropriate description combination by checking () the type of storage structure. If 
diversion is to be directly from a watercourse (no dam/reservoir), list the watercourse(s) from 
which such direct diversion is proposed in 2.B below.   

 On-Channel Reservoir (30 TAC § 297.23):  A permit for an on-channel reservoir grants the 
right to the permittee to construct and/or maintain a dam on the stream or watercourse.  The 
application must request an appropriative right to fill the reservoir and to use the water in 
place or divert water for use. 

 Off-Channel Reservoir (30 TAC § 297.24):  A permit for an off-channel reservoir grants the 
right to the permittee to construct and/or maintain a structure impounding State water so that 
same will not be directly on the stream or watercourse.  As above, the application must 
request an appropriative right to fill the reservoir and divert directly from a stream or 
watercourse, either by pump or gravity flow, and to use in place or divert from the reservoir. 

 Existing Structure (30 TAC § 295.42):  Provide the date that the structure was constructed.   
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 Proposed Structure (30 TAC § 295.42):  Applicant shall provide a copy of the notice that 
was mailed to each member of the governing body of each county and municipality in which 
the reservoir, or any part of the reservoir, will be located as well as copies of the certified 
mailing cards. 

 Exempt Structure (Texas Water Code (TWC) § 11.142a or 11.142b):  a 200 acre-foot 
capacity or less reservoir (stock tank/pond) may be created and used only for domestic, 
livestock, and/or fish and wildlife purposes.  TWC § 11.143 allows for the use of water from 
an exempt reservoir for a purpose other than domestic, livestock, and/or fish and wildlife, 
(i.e., agricultural, mining, municipal, etc.)  

If the reservoir in which water will be stored was constructed as a project of the NRCS, United 
States Department of Agriculture, consent must be obtained from the Soil & Water Conservation 
District and/or other Local Sponsor(s) having jurisdiction over the reservoir (30 TAC § 295.12). 

If the reservoir is owned by more than one individual, see page 3 of these instructions under Item 
4A.   

B. Location of Structure 

1. Watercourse:  Indicate watercourse on which dam or structure will be/is located.  The staff 
can complete the "tributary" information if not known. 

2. Location from County Seat and Nearby Town:  This is necessary location/mapping 
information. 

3. Zip Code:  Provide zip code where structure is located. 

4. & 5. Reference a point, station number or end of dam along the centerline of the dam (as may 
be shown on your application drawings). Provide the Latitude and Longitude coordinates 
in decimal degrees, to at least six decimal places and indicate the method used to 
calculate the diversion point location. For example, Latitude 98.016330°N, Longitude 
32.067122°W, also bearing N 68° W, 4000 feet (bearing and distance) from the 
southeast corner of the Richard Roe Original Survey No. 33, Abstract No. 433, in Travis 
County, Texas.  Attach additional sheet(s) to the application in the form of supplement(s) 
if more than one point of diversion is requested.  Said sheets are attached to the 
application and are available upon request to the Commission.  Give name(s) and 
number(s) of the Original Survey(s), Abstract No.(s) and County(s) in which the dam is to 
be located.   

C. Reservoir: 

1. Acre-feet:  Enter the acre-feet of water impounded. 

2. Surface area:  Enter the surface area, in acres, of the reservoir at normal maximum 
operating level.  The normal maximum operating level is generally at the lowest ungated 
outlet.  The area-elevation-capacity information is required for larger projects. 

D. Drainage Area Above the Dam/Reservoir:  Provide the drainage area in square miles and/or 
acres of the reservoir and/or diversion point, if available. 

E. Other 

1. U.S. Natural Resources Conservation Service:  If it is a NRCS floodwater-retarding 
structure, give site number and name of the watershed project. 

2. Authorization to close ports or windows:  If a permit is requested to close the "ports" or 
"windows" in the service spillway, indicate this by checking () the applicable box. 

3. Appropriation/Diversion Request (total amount of water needed): 

A. Use:  Give the purpose of use, place of use, and number of acre-feet per year requested for each 
purpose use listed. 

 

 

Form TCEQ-10214 (revised 02/10             Page 2  



 

 

B. Lands to be irrigated:   

1. Acres:  Fill in the blanks indicating the number of acres to be irrigated, the total acres in the 
tract(s) and the county(s) where the land is located.  Attach a copy of the deed to the land, 
including the county recording information. 

2. Location:  Reference the Survey Name and Abstract and/or Original Survey number.  

C. Diversion Point Information: Provide a completed Supplemental Diversion Point 
Information Sheet for any additional diversion points 

1. Watercourse:  Indicate the watercourse where the diversion will take place.  The staff can 
complete the "tributary" information if not known. 

2. Latitude and Longitude:  Reference the point of diversion by stating its Latitude, 
Longitude in decimal degrees, to at least six decimal places (indicate method used to 
calculate the diversion point location), and bearing to a corner of an Original Land Survey.  
For example-Latitude 98.016330°N, Longitude 32.065122°W also bearing N 68° W, 4000 
feet (bearing and distance) from the southeast corner of the Richard Roe Original Survey 
No. 33, Abstract No. 433, in Travis County, Texas.  Attach additional sheet(s) to the 
application in the form of supplement(s) if more than one point of diversion is requested.  
Said sheets are attached to the application and are available upon request to the 
Commission. 

3. Location from County Seat and Nearby Town:  This is essential map reference 
information.   

4. Zip Code:  Provide the zip code for where the diversion point is located. 

5. Diversion from stream:  Check () the appropriate boxes.  Attach additional sheets as 
necessary to explain fully the plan of diversion. 

6. Rate of Diversion:  If diversion is from a diversion facility, complete the blanks under 
"Diversion Facility".  If diversion is by gravity, complete the blanks under "If by gravity".  
Give the maximum total rate of diversion in gallons per minute (gpm) for each diversion 
point. 

7. Drainage Area Above Diversion Point:  Provide the drainage area in square miles and/or 
acres of the diversion point, if available. 

D. Return Water of Return Flow:  Return Water or Surplus Water, Section 295.8: If water is to be 
returned to a stream, list the stream to which the water will be returned.  Reference the point of 
return by Latitude, Longitude in decimal degrees, to at least six decimal places, (indicate the 
method used to calculate the diversion point location), zip code, and bearing and distance to an 
Original Survey corner.  The staff can complete the tributary information if not known.  Provide 
the estimated annual amount of water that will be returned in acre-feet. 

E. Surplus Water:  Surplus water is that portion of the requested diversion from a stream or 
reservoir which will not be consumed during the requested use.  This section does not apply to 
sprinkler irrigation systems.  Of the quantity of water requested for diversion, estimate the annual 
amount of water which may be returned to a watercourse. 

4. Discharge Point Information.  

A. Source of Water.  Indicate whether the water being discharged is treated effluent, groundwater, 
or other. 

B. Latitude and Longitude:  Reference the point of discharge by stating its Latitude, Longitude in 
decimal degrees, to at least six decimal places (indicate the method used to calculate the 
diversion point location), and bearing to a corner of an Original Land Survey.  For example-
Latitude 98.016330°N, Longitude 32.065122°W also bearing N 68° W, 4000 feet (bearing and 
distance) from the southeast corner of the Richard Roe Original Survey No. 33, Abstract No. 433, 
in Travis County, Texas.  Attach additional sheet(s) to the application in the form of supplement(s) 
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if more than one point of discharge is requested.  Said sheets are attached to the application and 
are available upon request to the Commission. 

C. Location from County Seat and Nearby Town:  This is necessary location/mapping 
information. 

D. Zip Code.  Provide the zip code for where the discharge point is located. 

E. Watercourse.  Indicate the watercourse where the discharge will take place. 

F. Discharge Rate.  Indicate the maximum rate of discharge (cfs and gpm). 

G.  Amount of Water Discharged.  Indicate the amount of water to be discharged (acre-feet per 
year). 

H. Purpose of Use.  Indicate the purpose of use for the water being discharged. 

I. Additional Information.  Provide additional information if the water to be discharged is 
groundwater or treated effluent.   

5. General Information: 

A. If the reservoir site, diversion, and distribution facilities are located, or are to be located, entirely 
on land owned by applicant, insert word "applicant".  If part of the facilities are to be located on 
lands not owned by the applicant, 30 TAC § 295.10 applies.   Insert the names of such 
landowners on the application form.  Also refer to 30 TAC §§ 295.121-.126 concerning 
requirements for plans/maps. 

30 TAC § 295.11 provides that except as otherwise provided herein, if an existing reservoir 
inundates land owned by more than one person, an application for a permit to authorize the dam 
and reservoir and use of the State water impounded in the reservoir shall be joined in by all the 
landowners.  A copy of any operating agreement affecting the reservoir or the distribution of water 
therefrom shall be submitted with the application.  If there is incomplete joiner, the applicant shall 
submit the name and address of any landowner who does not join the application, and shall file a 
copy of an easement or a consent, license, lease or other type of agreement from the 
landowner(s), as provided in 30 TAC § 295.10. 

B. Application should give reasonable anticipated starting and completion dates of construction 
consistent with the following provisions:  The applicant must begin actual construction of 
proposed direct diversion facilities within two years after a permit is issued and prosecute the 
work diligently and continuously to completion.  For the construction of a storage reservoir, the 
maximum time to commence construction may not exceed 2 years from the date of issuance of 
the permit.  However, Time Extensions may be requested in accordance with 30 TAC § 295.72. 

C. Applicant shall provide a conservation plan which meets the minimum requirements for such 
plans under 30 TAC § 288 and containing information which demonstrates that reasonable 
diligence will be used to avoid waste and achieve water conservation.  Also, see 30 TAC § 295.9. 

D. If applicable, state the quantity of water for each purpose of use which the applicant seeks to 
transfer.  State the basin of origin of the water and the receiving basin.  See 30 TAC §§ 295.13, 
295.155, and 297.18. 

E. If applicable, state the quantity of water and watercourse to be used.  See 30 TAC §§ 295.111-
295.113.   

F. Coastal Zone - relative to Coastal Zone Management Program. 

5.   Maps, plats, plans, and drawings:  Submit appropriate maps, plats, plans and/or drawings in 
accordance with the appropriate Commission rules.  See ATTACHMENT B for information on 
how to obtain USGS 7.5 minute topographic maps.  

6. If the dam(s) and reservoir(s) were constructed for domestic, livestock, and/or fish and wildlife 
purposes and you now wish to seek a permit under  
TWC § 11.143, please check () this box. 

7. Provide information describing how this application addresses a water supply need in a manner 
that is consistent with the state water plan or the applicable approved regional water plan for any 
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area in which the proposed appropriation is located or, in the alternative, describe conditions that 
warrant a waiver of this requirement. 

 
 
 
 
 

 SIGN AND HAVE THE APPLICATION NOTARIZED.  This will be your sworn statement of the facts contained in 
the application.  Everyone listed as an applicant must sign the application and have his or her signature notarized.  
A duly appointed agent may sign for the applicant before a notary public and provide a copy of the appointment 
granting agent status.   

 
 Additional information may be needed to process the application.  See supplemental sheets for a general outline 

of information typically needed to process an application.  Consultation with the staff is recommended, pre-
application meetings can be arranged. 
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ATTACHMENT A 
 
 
 WATER USE PERMIT APPLICATION FEES 
 
 
The usual fees for water use applications are: 
 
Filing          Fees for a water use permit or an application for extension of time to 

begin or complete construction shall be based upon the total amount 
of water requested to be appropriated for impoundment and 
diversion as follows: 

(a)        less than 100 acre-feet - $100; 
(b)        100 - 5,000 acre-feet - $250; 
(c) 5,001 - 10,000 acre-feet - $500; 
(d) 10,001 - 250,000 acre-feet - $1,000; and 
(e) greater than 250,000 acre-feet - $2,000. 
 

Fees to amend a water right are $100 per numbered water right 
requested to be amended, including combination amendments. 

 
Recording Fee    $1.25 per page of application. 
 
Agricultural Use   50¢ per acre for each acre of land to be irrigated per year. 
 
Storage Fee    *50¢ per acre-foot of storage *(storage is based on the total holding 

capacity of the reservoir at normal maximum operating level). 
 
In-Place Recreation Use   $1.00 per acre-foot of reservoir storage. 
 
Other Uses    $1.00 per acre-foot based on maximum annual diversion (does not 

apply to agricultural use). 
 
Mail Notice Fee   The cost of mailing notice to persons in the affected river basin 

varies.  The applicant shall pay the total cost of mailing notice and 
the Executive Director will advise the applicant of the number of 
persons to whom notice is mailed and the total mailing cost. 

 
NOTE: The cost of any required publication of notice shall be paid by the applicant directly to the 

newspaper involved. 
 
Mail Notice Fee   In (  ) River Basin -- $   
 
Max. Use Fee    $50,000 for first use and $10,000 for any additional use 
 
Max. Use Fee for Temporary Applications      $500.00 
 
Max. Use Fee for Extension of Time to Begin or Complete Construction   $1,000.00 
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ATTACHMENT B 
 
 

Additional Water Use Permit Application Requirements 
 
 
Texas Administrative Code 30 (TAC), §§ 295.121-295.126 provides the requirements for Maps, Plats, 
and Drawings Accompanying Application for a Water Use Permit.  In accordance with the requirement of 
§ 295.124(d), the Executive Director is now requiring water use permit applicants to provide the 
appropriate USGS 7.5 Minute Topographic Map(s) of the applicant's project area, including as necessary, 
the location of dams, diversion points, discharge points, irrigated lands, easements, and/or other pertinent 
features, as appropriate. 
 
Six copies of the application are required; therefore one original topographic map and six (6) copies are 
required.  However, when an applicant's area falls on two or more topographic maps, a composite map of 
the area, along with six (6) copies of the composite will be adequate, provided the composite includes the 
quadrangle name and number. 
 
For your information, topographic maps can be obtained from numerous commercial dealers or directly 
from the U.S. GEOLOGICAL SURVEY, at 1-800-275-8747 (ASK-USGS) or write to USGS Information 
Services, Box 25286, Denver, Colorado 80225.  USGS may allow maps to be ordered directly over the 
Internet at http://mapping.usgs.gov/products/map/usgsmaps.html. 
 
You may also contact the Water Rights Permitting Team at (512) 239-4691 should you need additional 
assistance or information. 



 
 TEXAS COMMISSION ON ENVIRONMENTAL QUALITY 
 APPLICATION FOR PERMIT TO APPROPRIATE STATE WATER 
 (SECTION 11.121, 11.042, 11.085 OR 11.143, TEXAS WATER CODE) 
 TAC CHAPTERS 30, 50, 281, 287, 288, 295, 297 AND 299 
 Water Supply Division, Water Rights Permitting MC-160 

P.O. Box 13087 
Austin, Texas 78711-3087 

 Telephone (512) 239-4691, FAX (512) 239-4770 
(if including a check, mail directly to P.O. Box 13088, Austin, TX 78711-3088) 

 
Notice:  This form will not be processed until all delinquent fees and/or penalties owed to 

the TCEQ or the Office of the Attorney General on behalf of the TCEQ are paid in 
accordance with the Delinquent Fee and Penalty Protocol. 

 
1. Applicant Information. 

A. Applicant Name(s):                           

       Mailing Address:          

                  

 Telephone Number:   Fax Number:                           

 Email Address:     

B. Customer Reference Number (if issued): CN                  

Note:  If you do not have a Customer Reference Number, complete Section II of the Core Data Form (TCEQ-10400) and 
submit it with this application. 

C. Fees and Penalties 

 Applicant owes fees or penalties? 

    
 

If yes, provide the amount and the nature of the fee or penalty as well as any identifying number: 

    

D. Lienholder Information 

Provide this information on the holder of any liens on any land to which the water right would be 
appurtenant): 

   

2. Dam (structure), Reservoir and Watercourse Data. 

A. Type of Storage Reservoir (indicate by checking () all applicable) 

Yes No

  
on-channel off-channel existing structure proposed structure* exempt structure**

 
*Applicant shall provide a copy of the notice that was mailed to each member of the governing body of each county and 
municipality in which the reservoir, or any part of the reservoir, will be located as well as copies of the certified mailing cards. 
**TWC Section 11.143 for uses of water for other than domestic, livestock, or fish and wildlife from an existing, exempt 
reservoir with a capacity of 200 acre-feet or less.  Please complete Paragraph 6 below if proceeding under TWC 11.143. 

Date of Construction:     

Form TCEQ-10214 (revised 02/10)             Page 8  
 



 
B.  Location of Structure No.   

1)  Watercourse:    

2)  Location from County Seat:   miles in a   direction from  ,  

    County, Texas. 

 Location from nearby town (if other than County Seat):   miles in a   direction 

  from   , a nearby town  

 shown on county highway map. 

3) Zip Code:   

4)   The dam will be/is located in the                                                 Original Survey No.  ,  

Abstract No.   in   County, Texas.   

5)   Station   on the centerline of the dam is  °   (bearing),      feet 

(distance) from the   corner of       Original Survey  

No.  , Abstract No.            , in     County,  

Texas, also being at Latitude    °N, Longitude        °W. 
Provide the Latitude and Longitude coordinates in decimal degrees, to at least six decimal places, and indicate 
the method used to calculate the diversion point location. 

 

C.  Reservoir: 

1)  Acre-feet of water impounded by structure at normal maximum operating level:   
 

2)  Surface area in acres of reservoir at normal maximum operating level:     

D.  Drainage Area 

The drainage area above the dam is   acres or   square miles. 

E.  Other 

1) If this is a U.S. Natural Resources Conservation Service (NRCS) (formerly Soil Conservation  

Service (SCS)) floodwater-retarding structure, provide the Site No.     

and watershed project name  . 

2)  Do you request authorization to close the "ports" or "windows" in the service spillway? 

 
 
3. Appropriation/Diversion Request (total amount of water needed, including maximum projected 

uses and accounting for evaporative losses for off-channel storage, if applicable). 

A. Appropriated water will be used as follows: 

  

Yes No

Purpose* Place of Use Acre-feet per year 

   1)   

  2)   

  3)   
 

*If agricultural use, list crops(s) to be irrigated: 
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B.  Lands to be irrigated (if applicable): 

1)  Applicant proposes to irrigate a total of   acres in any one year.  This acreage is all of or  

part of a larger tract(s) which is described in a supplement attached to this application and  

contains a total of      acres in   County, Texas.  A copy 

of the deed(s) describing the overall tract(s) with the recording information from the county  

records is attached. 

2) Location of land to be irrigated:  In the    

Original Survey No.  , Abstract No.  . 

C. Diversion Point No.  .  

1)   Watercourse:    .   

2)   Location of point of diversion at Latitude  °N, Longitude                     °W,   
 Provide Latitude and Longitude coordinates in decimal degrees, to at least six decimal places, and indicate the 

method used to calculate the diversion point location.. 
 

also bearing  ° ,  feet  

(distance) from the   corner of the  Original  

Survey No.  , Abstract No.         ,County, Texas. 

3)   Location from County Seat:   miles in a   direction from 

 ,   County,Texas.  

Location from nearby town (if other than County Seat):   miles in a    

direction from  , a nearby town shown on county  

highway map. 

4) Zip Code:   

5)  The diversion will be (check () all appropriate boxes and if applicable, indicate whether existing or 
proposed): 

 

Directly from stream  Existing  Proposed 

 From an on-channel reservoir  

 From stream to an off-channel reservoir  

 From a stream to an on-channel reservoir  

 From an off-channel reservoir  

 Other method (explain fully, use additional 
sheets if necessary) 

 

 
6)  Rate of Diversion (Check () applicable provision): 

  ___1.  Diversion Facility: 

A.         Maximum gpm (gallons per minute) 

B.   Number of pumps 

C.   Type of pump 

D.   gpm, Pump capacity of each pump 
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E. Portable pump   Yes or   No. 
 

 
  ___2.  If by gravity: 

A.     Headgate   ______ Diversion Dam   ______  Maximum gpm 

B.   Other method (explain fully - use additional sheets if necessary) 

  

    

7) The drainage area above the diversion point is   acres or   square miles. 

D.  Return Water or Return Flow (location and quantity information, provide Latitude and Longitude coordinates in 
decimal degrees to at least six decimal places and indicate the method used to calculate the diversion point location): 

Water which is diverted but not consumed as a result of the above stated use, will be returned to 

  , tributary of    

                    , tributary of                     ,  

  Basin, at a point which is at Latitude   

             ° N, Longitude                  °W, also, bearing  

 °  (direction),   feet (distance) from the 

  corner of the   Original Survey  

No.  , Abstract No.  , in   County, Texas. 

Zip Code:   

Estimated annual amount of return flow to said stream will be   acre-feet. 

E. Surplus Water (provide Latitude and Longitude coordinates in decimal degrees to at least six decimal places and 
indicate the method used to calculate the diversion point location): 

Water which is diverted but not used beneficially will be returned to  , 

tributary of  ,   Basin at a point 

which is at  Latitude  °N, Longitude  °W, also 

bearing  °  (direction),  feet  

(distance) from the   corner of the   Original Survey  

No.  , Abstract No.  , in   County, Texas. 

Zip Code:   

4. Discharge Point Information (if applicable, provide Latitude and Longitude coordinates in decimal degrees to at 
least six decimal places and indicate the method used to calculate the diversion point location). 

Discharge Point No. or Name:   

A.  Select the appropriate box for the source of water being discharged: 

 � Treated effluent 

 � Groundwater 

 � Other   

B. Location of discharge point will be/is at Latitude  ° N, Longitude  °W, 

also bearing  ° ,  feet from the   corner of the   

Original Survey No.   , Abstract No.  , in   

 County, Texas.  
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What method was used to determine the Latitude and Longitude for the discharge point? (i.e., GPS  
Unit, USGS 7.5 Topographic Map, etc.)  

  

C.  Location from County Seat:   miles in a  direction from  ,  

  County, Texas. 

Location from nearby town (if other than County Seat):    miles in a   

direction from     , a nearby town shown on county highway map. 

D. Zip Code:   

 

E. Water will be discharged into _____________________________________ stream/reservoir,  

(tributaries) , 

  Basin. 

F.  Water will be discharged at a maximum rate of   cfs (   gpm).  

G.  The amount of water that will be discharged is ______________acre-feet per year. 

H.  The purpose of use for the water being discharged will be ______________________________. 

I.  Additional information required:  

For groundwater 

1) Provide water quality analysis and 24 hour pump test for the well if one has been conducted. 

2) Locate and label the groundwater well(s) on a USGS 7.5 Minute Topographic Map 

3) Provide a copy of the groundwater well permit if it is located in a Groundwater Conservation 
District. 

4) What aquifer the water is being pumped from? 
 

For treated effluent 

1) What is the TPDES Permit Number?  Provide a copy of the permit. 

2) Provide the monthly discharge data for the past 5 years. 

3) What % of treated water was groundwater, surface water? 

4) If any original water is surface water, provide the base water right number. 
 
5.  General Information. 

 
A. The proposed    or existing   works will be (are) located on the land of              

           ,  whose mailing address is   

    

B. If an application for the appropriation is granted, either in whole or in part, construction works will 

begin within   after such permit is issued.  The proposed work will be 

completed within  from the date the permit is issued. 
 

C. A Water Conservation Plan is attached?   Yes   No. 
 

D.  Interbasin transfer is not requested. 

  Applicant requests authorization to transfer        acre-feet of water per year from the  

   Basin to the      Basin of which 
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  acre-feet of water will be used for      purposes and 

  acre-feet of water will be used for      purposes. 
 

E. ______ Bed and Banks request to transfer   acre-feet of water per year within the bed 

and banks of   , tributary of  ,  

_________________  Basin. 

F. Is this project located within 200 river miles of the coast?    Yes   No  Unknown  
 

5. Maps, plats, plans, and drawings accompany this application as required by applicable TAC 
Sections. 

  Yes   No.  Attach additional sheets. 

6.  The dam(s) and reservoir(s) shown on the attached application was (were) constructed for 
domestic and livestock purposes and I/we elect to seek a permit under Section 11.143 of the Texas 
Water Code. 

7.  Provide information describing how this application addresses a water supply need in a manner that 
is consistent with the state water plan or the applicable approved regional water plan for any area in 
which the proposed appropriation is located or, in the alternative, describe conditions that warrant a 
waiver of this requirement.      

  

  

  
 

 

 

      
 Applicant Name (Sign) Applicant Name (Sign) 

 

 

      
 Applicant Name (Printed) Applicant Name (Printed) 

 
 
 

SWORN TO AND SUBSCRIBED before me this   day of   , 20 . 
 
 
 
 
 

    

 Notary Public for the State of Texas 



 
 Supplemental Dam/Reservoir Information Sheet 

 
Dam (structure), Reservoir and Watercourse Data 

A. Type of Storage Reservoir (indicate by checking () all applicable) 

   
on-channel off-channel existing structure proposed structure* exempt structure**

 
*Applicant shall provide a copy of the notice that was mailed to each member of the governing body of each county and 
municipality in which the reservoir, or any part of the reservoir, will be located as well as copies of the certified mailing 
cards. 
**TWC Section 11.143 for uses of water for other than domestic, livestock, or fish and wildlife from an existing, exempt 
reservoir with a capacity of 200 acre-feet or less.  Please complete Paragraph 6 below if proceeding under TWC 11.143. 

 Date of Construction     

 B. Location of Structure No.  . 

1)  Watercourse:                                                                                               

2)  Location from County Seat:   miles in a  direction from  ,  

  County, Texas. 

   Location from nearby town (if other than County Seat):   miles in a   direction from 

 , a nearby town shown on county highway map. 

3) Zip Code:   

4)  The dam will be/is located in the   Original Survey 

No.    , Abstract No.   in   County, Texas.   

5)  Station   on the centerline of the dam is  °   (bearing),      feet 

(distance) from the    corner of       Original 

Survey No.    , Abstract No.            , in      County, Texas, also 

being at Latitude                             °N, Longitude         °W. 

Provide Latitude and Longitude coordinates in decimal degrees to at least six decimal places and indicate the 
method used to calculate the diversion point location 

 C. Reservoir: 

 1)  Acre-feet of water impounded by structure at normal maximum operating level:   

 2)  Surface area in acres of reservoir at normal maximum operating level:     

D. The drainage area above the dam is     acres or   square miles. 

E. Other: 

 1)  If this is a U.S. Natural Resources Conservation Service (NRCS) (formerly Soil Conservation 

Service (SCS)) floodwater-retarding structure, provide the Site No.           and watershed 

project name      

  2)  Do you request authorization to close the "ports" or "windows" in the service spillway? 
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Yes No

    
 

 



 
 Supplemental Dam/Reservoir Information Sheet 

 
Dam (structure), Reservoir and Watercourse Data 

B. Type of Storage Reservoir (indicate by checking () all applicable) 

   
on-channel off-channel existing structure proposed structure* exempt structure**

 
*Applicant shall provide a copy of the notice that was mailed to each member of the governing body of each county and 
municipality in which the reservoir, or any part of the reservoir, will be located as well as copies of the certified mailing 
cards. 
**TWC Section 11.143 for uses of water for other than domestic, livestock, or fish and wildlife from an existing, exempt 
reservoir with a capacity of 200 acre-feet or less.  Please complete Paragraph 6 below if proceeding under TWC 11.143. 

 Date of Construction     

 B. Location of Structure No.  . 

1)  Watercourse:                                                                                               

2)  Location from County Seat:   miles in a  direction from  ,  

  County, Texas. 

   Location from nearby town (if other than County Seat):   miles in a   direction from 

 , a nearby town shown on county highway map. 

3) Zip Code:   

4)  The dam will be/is located in the   Original Survey 

No.    , Abstract No.   in   County, Texas.   

5)  Station   on the centerline of the dam is  °   (bearing),      feet 

(distance) from the    corner of       Original 

Survey No.    , Abstract No.            , in      County, Texas, also 

being at Latitude                             °N, Longitude         °W. 

Provide Latitude and Longitude coordinates in decimal degrees, to at least six decimal places, and indicate 
the method used to calculate the diversion point location.   

 C. Reservoir: 

 1)  Acre-feet of water impounded by structure at normal maximum operating level:   

 2)  Surface area in acres of reservoir at normal maximum operating level:     

D. The drainage area above the dam is     acres or   square miles. 

E. Other: 

 1)  If this is a U.S. Natural Resources Conservation Service (NRCS) (formerly Soil Conservation 

Service (SCS)) floodwater-retarding structure, provide the Site No.           and watershed 

project name      

  2)  Do you request authorization to close the "ports" or "windows" in the service spillway? 
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Yes No

    
 
 

 

 



 
Supplemental Diversion Point Information Sheet 

 
Diversion Point No.  . (Provde a completed Supplemental Diversion Point Information Sheet for 
additional diversions) 
 

1) Watercourse:    
 

2)  Location of point of diversion at Latitude    °N, Longitude    °W, 

also, bearing  ° ,  feet (distance) from the  corner of the 

  Original Survey No.  , Abstract No.  , in 

  County, Texas.  Provide Latitude and Longitude coordinates in decimal 
degrees, to at least six decimal places, and indicate the method used to calculate the diversion point location. 

3)  Location from County Seat:   miles in a  direction from  ,  

  County, Texas. 

Location from nearby town (if other than County Seat):    miles in a   

direction from     , a nearby town shown on county highway map. 

4) Zip Code:   

5)  The diversion will be (check () all appropriate boxes and if applicable, indicate whether existing 
or proposed): 

 Directly from stream  Existing  Proposed 

 From an on-channel reservoir   

 From stream to an off-channel reservoir   

 From a stream to an on-channel reservoir   

 From an off-channel reservoir   

 Other method (explain fully, use additional sheets if necessary)   
 

6)   Rate of Diversion (Check () applicable provision): 
  ___1.  Diversion Facility: 
   A.  Maximum gpm (gallons per minute) 
    1)   Number of pumps 
    2)     Type of pump 
    3)   gpm, Pump capacity of each pump 
    4) Portable pump   Yes or   No 
 
  ___2.  If by gravity: 
   A.    Headgate    Diversion Dam    Maximum gpm 
   B.   Other method (explain fully - use additional sheets if necessary) 

  
7)   The drainage area above the diversion point is   acres or   square miles. 
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Supplemental Diversion Point Information Sheet 

 
Diversion Point No.  . 
 

1) Watercourse:    
 

2)  Location of point of diversion at Latitude    °N, Longitude    °W, 

also, bearing  ° ,  feet (distance) from the  corner of the 

  Original Survey No.  , Abstract No.  , in 

  County, Texas.   Provide Latitude and Longitude coordinates in decimal 
degrees, to at least six decimal places, and indicate the method used to calculate the diversion point location. 

3)  Location from County Seat:   miles in a  direction from  ,  

  County, Texas. 

Location from nearby town (if other than County Seat):    miles in a   

direction from     , a nearby town shown on county highway map. 

4) Zip Code:   

5)  The diversion will be (check () all appropriate boxes and if applicable, indicate whether existing 
or proposed): 

 Directly from stream  Existing  Proposed 

 From an on-channel reservoir   

 From stream to an off-channel reservoir   

 From a stream to an on-channel reservoir   

 From an off-channel reservoir   

 Other method (explain fully, use additional sheets if necessary)   
 

6)   Rate of Diversion (Check () applicable provision): 
  ___1.  Diversion Facility: 
   A.  Maximum gpm (gallons per minute) 
    1)   Number of pumps 
    2)     Type of pump 
    3)   gpm, Pump capacity of each pump 
    4) Portable pump   Yes or   No 
 
  ___2.  If by gravity: 
   A.    Headgate    Diversion Dam    Maximum gpm 
   B.   Other method (explain fully - use additional sheets if necessary) 

  
7)   The drainage area above the diversion point is   acres or   square miles. 
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Supplemental Discharge Point Information Sheet 

 
Discharge Point No. or Name:   

1)  Select the appropriate box for the source of water being discharged: 

 � Treated effluent 

 � Groundwater 

 � Other   

2)  Location of discharge point will be/is at Latitude  ° N, Longitude  °W, 

also bearing  ° ,  feet from the   corner of the   

Original Survey No.   , Abstract No.  , in  County, Texas.  

Provide Latitude and Longitude coordinates in decimal degrees, to at least six decimal places 
and indicate the method was used to determine the Latitude and Longitude for the discharge point? 
(i.e., GPS  Unit, USGS 7.5 Topographic Map, etc.)  

  

3)  Location from County Seat:   miles in a  direction from  ,  

  County, Texas. 

Location from nearby town (if other than County Seat):    miles in a   

direction from     , a nearby town shown on county highway map. 

4) Zip Code:   

5) Water will be discharged into  stream/reservoir,  

(tributaries) , 

  Basin. 

6)  Water will be discharged at a maximum rate of   cfs (   gpm).  

7)  The amount of water that will be discharged is  acre-feet per year. 

8)  The purpose of use for the water being discharged will be  . 

9)  Additional information required:  

For groundwater 

1. Provide water quality analysis and 24 hour pump test for the well if one has been conducted. 

2. Locate and label the groundwater well(s) on a USGS 7.5 Minute Topographic Map 

3. Provide a copy of the groundwater well permit if it is located in a Groundwater Conservation 
District. 

4. What aquifer the water is being pumped from? 
 
For treated effluent 

1. What is the TPDES Permit Number?  Provide a copy of the permit. 

2. Provide the monthly discharge data for the past 5 years. 

3. What % of treated water was groundwater, surface water? 

4. If any original water is surface water, provide the base water right number. 
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Supplemental Environmental Information Sheet 

 
Water right projects have the potential to alter environmental conditions in the state’s rivers and streams 
through flow modification, sediment load alteration, loss of wetlands, and removal of riparian vegetation.  
The Resource Protection Team assess the effects issuance or amendment of a water right may have on 
existing instream uses.  Instream uses include, but are not limited to, water quality, fish and wildlife 
habitat, recreation, and freshwater inflows to bays and estuaries. 
 
The following items are suggested guidelines for data to be submitted depending on the nature of the 
particular application.  Please note that not all the information identified below is required for the water 
right application to be considered administratively complete.  However, depending on the magnitude and 
scope of the proposed project, failure to provide requested information for technical review may result in 
delayed processing times or a recommendation of denial of the application.   
 
 
ITEMS TO BE PROVIDED FOR ALL APPLICATIONS: 
 

1. USGS 7.5 minute topographic map with all diversion points, discharge points, reservoirs, and/or 
land to be irrigated clearly indicated. 

 
2. Photographs of the stream at the project area (i.e., diversion point/dam location) including 

upstream and downstream views.  Photographs should be in color and reflect the existing 
conditions of the stream and the riparian vegetation.  Each photograph should include a 
description of what is depicted as well as be referenced to the USGS topographic map indicating 
the location and direction of the shot. 

 
3. Brief description of the affected stream or water body at the project location including: 
 

a) Average and maximum channel width and depth; 
b) Flow characteristics of the stream (i.e., is the stream perennial, intermittent with pools, or 

intermittent?); 
c) Description of land uses upstream within the watershed, if known. 
 

4. Any known recreation or other public uses of the affected stream or water body. 
 
 
ADDITIONAL ITEMS TO BE PROVIDED IF AN EXISTING DAM AND RESERVOIR ARE SOUGHT TO 
BE PERMITTED: 
 

1. Date dam constructed. 
 

2. Will the reservoir be maintained at normal pool elevation with an alternate source of water?  If 
so, identify the source of water.  If groundwater will be used, see below. 

 
3. Does the dam have an operational low flow outlet or other means to pass state water? 

 
 
MINIMAL ADDITIONAL ITEMS TO BE PROVIDED IF A DAM AND RESERVOIR ARE PROPOSED TO 
BE CONSTRUCTED: 
 

1. In addition to indicating the location of the project location on the USGS topographic map, 
please identify the area of lake inundation at normal pool level. 

 
2. Provide a brief description of the area to be affected by the proposed dam and reservoir. 
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3. The local U.S. Army Corps of Engineers (USACE) district should be notified of the proposed 
project.  If the USACE determines that a 404 permit is required, provide the project number 
and name of the USACE Project Manager. 

 



 
 

4. Will the reservoir be maintained at normal pool elevation with an alternate source of water?  If 
so, identify the source of water.  If groundwater will be used, see below. 

 
5. Will the dam have a low flow outlet or other means to pass state water? 

 
 
POSSIBLE ADDITIONAL ITEMS TO BE PROVIDED IF A DAM AND RESERVOIR ARE PROPOSED 
TO BE CONSTRUCTED: 
 

1. A quantitative or qualitative evaluation of existing aquatic, riparian, wetland, and terrestrial 
habitats that will be subject to impact by the proposed reservoir project, preferably performed 
by a qualified third party.  Acceptable evaluation procedures to be used may include, but are 
not limited to, USFWS’s Habitat Evaluation Procedures or TPWD’s Wildlife Habitat Appraisal 
Procedure.  Any habitat evaluation should include an assessment of the effects of the project 
on habitats in the river segment downstream. 

 
2. Description of the alternatives that were examined to meet the water needs that the proposed 

project is intended to fulfill.  Were other site locations examined that may result in less 
environmental impact?  How was the size of the proposed reservoir determined?  Would a 
smaller reservoir be adequate to meet the projected water needs?  Habitat mitigation shall be 
considered only after the complete sequencing (avoidance, minimization or modification, and 
compensation/replacement) process has been performed. 

 
3. Should habitat losses be found to be unavoidable, a mitigation plan should be developed that 

will compensate for lost or altered ecosystem functions and values imposed by the proposed 
project.  This plan should address both the direct and indirect impacts to aquatic, riparian, 
and terrestrial habitats, as well as short- and long-term effects that may result from the 
proposed project.  Habitat mitigation plans shall be ensured through binding legal contracts or 
conservation easements and shall include goals and schedules for completion of those goals.  
Mitigation areas shall be managed in perpetuity by a party approved by the Commission to 
maintain the habitat functions and values that will be affected by the proposed project. 

 
 
ADDITIONAL ITEMS TO BE PROVIDED IF GROUNDWATER WILL BE USED: 
 

Information regarding the groundwater wells to be used in this project and groundwater quality data 
from each well to be used.  Well information should include the following: 
 

a) Depth of well; 
b) Name of aquifer from which water is withdrawn; 
c) Pumping capacity of well. 
 
Water chemistry information should include but not be limited to the following parameters:  
 
a) Chlorides; 
b) Sulfates; 
c) Total Dissolved Solids (TDS); 
d) pH; 
e) Temperature.  
 

If data for on-site wells are unavailable, historical data collected from similar sized wells drawing 
water from the same aquifer may be provided.  However, please note that on-site data may still be 
required when it becomes available. 

 
 

Alternatives Analysis Worksheet for Wetland Impacts 
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1. Alternatives 

1. How could you satisfy your needs in ways which do not affect wetlands? 
2. How could the project be re-designed to fit the site without affecting wetlands? 
3. How could the project be made smaller and still meet your needs? 
4. What other sites were considered? 

1. What geographic area was searched for alternative sites? 
2. How did you determine whether other non-wetland sites are available for 

development in the area? 
5. What are the consequences of not building the project? 

 
 
2. Comparison of alternatives 

1. How do the costs for the alternatives considered above? 
2. Are there logistic (location, access, transportation, etc.) factors that limit the 

alternatives considered? 
3. Are there technological limitations for the alternatives considered? 
4. Are there other reasons certain alternatives are not feasible? 

 
 
3. If you have not chosen an alternative which would avoid wetland impacts, explain: 

1. Why your alternative was not selected? 
2. What you plan to do to minimize adverse effects on the wetlands impacted? 

 
 
4. Please provide a comparison of each criterion (from Part II) for each site evaluation in 

the alternatives analysis. 
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PERMIT APPLICATION COMPLETION CHECKLIST FOR  
HYDROLOGY, WATER CONSERVATION, AND DAM SAFETY 

 
Name(s) of Applicant: 
 
Stream, Basin, and County: 
 
USGS 7.5 minute topographic map with all diversion points, discharge points, reservoirs, and/or 
land to be irrigated clearly indicated: 
 
Latitude and Longitude of all diversion points and/or reservoirs, including how the coordinates 
were determined: 
 
Diversion amount: 
Diversion rate: 
 
Monthly Diversion Distribution (the amount of the total water that you plan to divert each month): 
 
 J F M A M J J A S O N D 
 
 
Reservoir capacity and surface area: 
 
Drainage area:  
 
Request to use the bed and banks of a watercourse and/or reservoir: 
 
Other (copy of contract for water, alternate source of water, accounting plan, etc.) 
 
WATER CONSERVATION PLAN 
1.   Plan and appropriate data form 
 
2. Please specify the quantitative goals as outlined on the data form 
 
DAM SAFETY 
If a reservoir is requested in the application, the following information should be submitted: 
 
1. Surface area and capacity of the reservoir 
 
2. Plans (with engineer’s seal) for the reservoir if the dam is over 6 feet high 
 
3. Engineer’s signed and sealed hazard classification 
 
4. Statement from engineer that the structure complies with the Chapter 299 Rules and 

supporting documentation 





We will construct and maintain the line on the highway right of way as shown on the attached drawing and in accordance 
with the rules, regulations and policies of the Texas Department of Transportation (TxDOT), and all governing laws, 
including, but not limited to, the “Texas Engineering Practice Act,” “Federal Clean Water Act,” the “National Endangered 
Species Act,” “Americans with Disabilities Act,” and the “Federal Historic Preservation Act.”  Upon request by TxDOT at any 
time, we will submit to TxDOT proof of compliance with all governing laws, rules and regulations before commencement of 
construction.  Plans shall include the design, proposed location, vertical elevations, and horizontal alignments of the facility 
based on the department's survey datum, the relationship to existing highway facilities and the right of way line, traffic 
safety and access procedures, and location of existing utilities that may be affected by the proposed utility facility.  The 
location and description of the proposed line and appurtenances is more fully shown by a complete set of drawings 
attached to this Utility Installation Request (Request). We will give plans to TxDOT for each future proposed modification or 
expansion to our facility and TxDOT will have 30 days to review and approve the plans prior to commencement of the work. 
A new Request may be required as a condition of approval.

When installing, modifying or maintaining our utility on controlled access facilities, we shall conform to the Texas 
Transportation Code, Title 6 Roadways, Chapter 203, Subchapter C, Control of Access, §203.031 (http://www.statutes.
legis.state.tx.us/). We shall limit access for servicing this installation to access via (a) frontage roads where provided, (b) 
nearby or adjacent public roads or streets, (c) trails along or near the highway right of way lines, connecting only to an 
intersecting road; from any one or all of which entry may be made to the outer portion of the highway right of way for normal 
service and maintenance operations.  Our rights of access to the through traffic roadways and ramps shall be subject to the 
same rules and regulations that apply to the general public. 
It is expressly understood that TxDOT does not purport hereby to grant any right, claim, title or easement in or upon 
highway right of way. TxDOT may require us to relocate this line, subject to the provisions of governing laws, by giving us at 
least 30 days written notice. We understand a new Request will be required for the relocation. We will notify TxDOT prior to 
commencement of any operation which requires pruning of trees so that TxDOT may provide specifications to govern 
performance of work, including trimming, topping, tree balance, type of cuts, painting cuts and clean up. We understand 
that these specifications are intended to preserve TxDOT's considerable investment in highway beautification plantings and 
by reducing damage due to trimming and to protect known endangered species.

c/o District Engineer Texas Department of Transportation
To the Texas Transportation Commission 

County Texas, MNT Sec. No. 

line within the right of way of 
proposes to place a
Formal notice is hereby given that 

Date

as follows: (give location, length, general design, etc.

 inDispl., RM 

, Texas

Utility Installation Request 

Our organization will use Best Management Practices to minimize erosion and sedimentation resulting from the proposed 
installation, and we will revegetate the project area as indicated under “Revegetation Special Provisions.” We will also 
ensure that traffic control measures complying with applicable portions of the Texas Manual of Uniform Traffic Control 
Devices will be installed and maintained for the duration of this installation.

Our installation shall not damage any part of the roadway structure or associated appurtenances. We will make adequate 
provisions to cause minimum inconveniences to the traveling public and adjacent property owners. We will not open-cut 
driveways or intersecting roadways without specific written permission from the owner.

Month/Day/Year
Following approval, we will begin construction on or after   
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If approved, we understand we will assume all risks associated with this installation within the TxDOT right of way. These 
risks include injuries to our workers, damage to contiguous utility lines that may be in the area and injuries or damage 
resulting from our failure to properly install and maintain the line.

If the character, use or function of our installation is materially changed from that approved under this Request, we will 
notify TxDOT within 30 days after the change. In the event of a voluntary or involuntary loss of public utility status, or other 
legal authority for longitudinal placement of the utility facility in the highway, or there is an abandonment of the facility 
without the approval of TxDOT, we will at our expense remove the unauthorized portion of the facility from the right of way.

If installation of the line is not begun prior to the 91st calendar day from date of issuance, we acknowledge that, unless 
otherwise extended, TxDOT's approval of this Request will automatically expire, and we will be required to resubmit our 
Request. All Request submissions, whether due to expiration of approval under this paragraph or new Requests for 
modifications and relocations shall be in accordance with the governing laws, rules, regulations and policies existing at the 
time of submission. In the event we fail to comply with any or all of the requirements as set forth in this Request, the State 
may take such action as it deems appropriate to compel our compliance.

By signing as/for the requestor below, I certify that I am authorized to represent the requestor, that I agree to the provisions 
and requirements included in this Utility Installation Request, and our commencement of construction will further attest to 
our review and acceptance of said additional provisions and requirements.

Additional Provisions and Requirements (for TxDOT input only)

   General Special Provisions:

   As-built Plans/Certifications of Construction:

  Re-vegetation Special Provisions: In order to minimize erosion and sedimentation resulting from the proposed 
installation, the project area will be re-vegetated:

as indicated on the attachment.
to be used, or:
in accordance with TxDOT's Standard Specification Item 164 which specifies the appropriate grass seed mix

TxDOT Representative to be notified 48 hours prior to beginning construction:

Are required and shall be certified as accurate by an authorized representative of the company.
Are required and shall be signed and sealed by a State of Texas Licensed Professional Engineer.  

Certification that utility was installed as approved 
Are not required

    Area Code            Telephone Number

City                                            State         Zip Code

Address:  

Title:  

Signature:  

By:  

Date: 

APPROVED BY TxDOTREQUESTOR

Are attached.
Are not attached.

( )
    Area Code            Telephone Number

City                                            State         Zip Code

Address:  

Title:  

Signature:  

By:  

Date: 

( )
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We understand TxDOT may place additional provisions and requirements as listed below, based upon, but not limited to, 
the type of utility being installed, local site conditions, soil types and traffic.



State of Texas      
Texas General Land Office  
Application for State Land Use Lease 
Miscellaneous Easement/Right-of-Way - New 

General Information: 
  

 This application form is to be used to request a right-of-way across state-owned land under the management authority of the General 
Land Office (Section 51.291, T.N.R.C.), or under the management authority of another state agency on whose behalf the General Land 
Office (GLO) will issue a land-use agreement. Types of actions covered by this application include, but are not limited to, the following: 
pipelines, electric power lines, communication lines, sub-surface easements, roads, canals, etc.  If you are unsure if this application form is 
appropriate for your project, please contact the GLO.          

  
Instructions: 
   

The GLO is committed to prompt processing of this application.  Our goal is to provide you with an executed contract within 90-days of 
the date a COMPLETE application is received.  To minimize the length of time required to process this application, please note the 
following: 
  

A.  If obtaining a permit from the U.S. Army Corps of Engineers (COE) is required for this project, it DOES NOT authorize 
construction on state land.  You may avoid processing delays by filing your state application CONCURRENTLY with a COE 
application.                                                                                                                                         
                                                                                                                                          
B.  Submitting this application to the GLO does not authorize work on state land.  You are not authorized to use state 

land prior to receipt of a contract executed by the Commissioner of the General Land Office.  Placement or maintenance 

of structures on State Land without proper authorization from the GLO may result in civil penalties (V.C.T.A. Natural 

Resources Code, Section 51.302).  In addition, the Commissioner may have unauthorized structures removed from 

Coastal Public Land and seek restitution for costs incurred from the responsible party (V.C.T.A. Natural Resources Code, 

Section 51.3021).  Mitigation costs may also be assessed when necessary to compensate for damage to natural resources 

(31 TAC, Section 155.3(g)(1)).           

   
C.  Receipt of an application form does not begin the GLO 90-day processing timeline.  The 90-day GLO processing timeline does 
not begin until the application has been reviewed and found to be complete, containing all information necessary for processing. 
This includes: the application form with all sections properly completed; and all exhibits required in the “Instructions for 
Preparation of ME Exhibits."  Additional information may be required on a case-by-case basis to ensure a full evaluation of 
impacts to state resources and protection of the public's interest in state lands.  Failure to provide information requested by the 
GLO may result in cancellation of the application and forfeiture of the application fee.       
   
D.  Please type or print information requested.          
  
E.  Letters of No Objection:  This is mainly for pipeline easements, but we reserve the right to require letters of no objection as 
needed. If your project is being installed across a state mineral lease tract that is held by someone other than the easement 
applicant, a letter of consent is required from the current leaseholder giving their consent to the location of this project.  If this 
project crosses another pipeline that is not owned by the easement applicant, a letter of consent as to the location of the 
crossover is also required.   

    Consent letters must be addressed to the General Land Office, Asset Inspection Division, as well as to the lease holder and must 
specifically reference this application and specifically identify the subject project.  In the consent letter, give the current 
leaseholder a 30-day deadline to respond to your request for consent.  Also state that if they do not respond within 30 days 

that will be construed as their acceptance of the proposed project. In the event the applicant is unable to obtain a letter of 
consent, the GLO reserves the right to permit the project or require that the proposed location of the project be repositioned to 
avoid unreasonable interference with mineral lease development or any existing pipelines.     
 
F.  NOTE: By signing and/or dating this application, the applicant certifies that all information contained herein is true and 
correct.  Providing false or incomplete information may result in contract termination, forfeiture of all rights granted on the basis 
of this application, and the assessment of penalties, if appropriate.      

                                                                                                                                                                                                                                                            

G.  If you need assistance in completing any portion of this application, please contact the General Land Office at:   
Asset Inspection, Stephen F. Austin Bldg., Room 110  

1700 North Congress Ave., Austin, Texas  78701-1495 

Glenn Rosenbaum: (512) 463-8180 or Glenn.Rosenbaum@glo.texas.gov 



Easement No.

State of Texas      
Texas General Land Office  
Application for State Land Use Lease 
Miscellaneous Easement/Right-of-Way - New

Survey/Section # Block # Town. #

Survey Name

If the pipeline route will cross a state-owned tract held by a state Mineral Lease 
or covered by a Pooling Agreement, please fill out the information below:

Tract # Mineral 
Lease # Lease Holder Held by 

Lease?
Held by 
Pooling?

Survey Name

Abstract #County

Survey/Section # Block # Town. #

River or Navigable Stream crossed by proposed line

Survey Name

Abstract #County

Survey/Section # Block # Town. #

River or Navigable Stream crossed by proposed line

State-owned Riverbed/Navigable Stream NOT tidally influenced

Abstract #County

State-owned Uplands 

County(ies):

Location of Right-of-Way for tidally influenced projects

Waterbody(ies) State Tract No.(s)

Survey Name

Abstract #County

Survey/Section # Block # Town. #

For ROW crossing State-owned Uplands

Type of Business and State of Incorporation of Grantee

If LP, Name Of General Partner

Tax Id #

Type of Business

State of Incorporation

Survey Name

Abstract #County

Survey/Section # Block # Town. #

River or Navigable Stream crossed by proposed line

Street Address

City Zip Code

Country

Company, Partnership, Individual or Trust Name 

Grantee/Official Company Name/Applicant Authorized Agent 

Country Email

Zip CodeCity

Street Address

Work # Mobile #

Individual, Company, or Consultant Information

Agent/Company Contact 
(Title, First Name, Last Name, Salutation)

Company Contact

Send contracts to Agent/
Company Contact

State

State

Website

Fax #Work #

Water Depth

Date COE # if known

Email



Select Term: 10 Year Term 20 Year Term

RRC T-4 Permit No. if known

Pipe outside diameter (in.)

Easement length of pipeline on state land (rods)

Permanent ROW width in feet - Normally 30 ft

Name of product being transported
Method of burial and equipment to be used 
(dredging, jetting, plowing, backhoe, trenching machine, directional drill, etc.)

Anticipated Start Date

Expected Completion Date

Company's name for this transmission line

Method of burial and equipment to be used: 
(dredging, jetting, plowing, backhoe, trenching machine, directional drill, etc.)

If electric power, provide KV rating

If communication line, designate type:
Other (explain)Copper Cable

If below ground installation (minimum 24"):

If above ground installation, give description

Burial Depth Cable Diameter Casing Diameter

Company's name for this well bore

Total length of well bore on state land (rods)

Interior Casing (if applicable)Exterior Casing
Outside diameter of drill casing (in.) 

Name of product being transported

Pipeline Information

Transmission Line Information

Sub-Surface Easement Information 
For the purpose of this application, a "sub-surface easement" is defined as a 
directionally drilled well bore for the exploration and production of crude oil, natural 
gas, and/or other mineral products.

If the applicant's surface location is in a state tract that is not currently 
leased by the sub-surface easement applicant, a letter of consent, issued 
by the easement applicant, is required from the current leaseholder giving 
their consent to the location of the project. 
  
Consent letters must be addressed to the General Land Office, Asset 
Inspection Division, as well as to the applicant and must specifically 
reference this application and specifically identify the subject property.  In 
the consent letter, give the current leaseholder a 30-day deadline to 
respond to your request for consent.  Also, please state that if they do 

not respond within 30 days, that will be construed as their acceptance 

to the proposed project. 
  

In the event the applicant is unable to obtain a letter of consent, the GLO 
reserves the right to require that the proposed location of the project be 
repositioned to avoid unreasonable interference with the mineral lease 
development.

**** Please note: For Oil and Gas-related Pipelines ONLY  

there is the option for a 10 year or 20 year term***

Other Activities or Notes:  If this is for a project other than 

those listed above, such as water lines, fiber-optic lines, 

roads, etc., fill in the boxes below.  Also, please use this 

section for additional notes if needed.

Activity Description 
Explain briefly what work you propose to conduct on state land

Technical Specifications  
Describe technical aspects of the proposed activity (width, length, depth, etc.)

Construction Details 
Describe methods, equipment, and timing for project completion

Signature of Applicant/Agent

Name (please print or type)

Title

Date

Easement length of line on state land (rods)

Permanent ROW width in feet

By clicking this box, I verify that I have read the General  
Information and Instructions included in this application.

Easement No.

Information collected by electronic mail and by web form is subject to 
the Public Information Act, Chapter 552, Government Code.

Company's name for this pipeline

Submit by Email



Minimum amount for a 10-year pipeline contract is $699. See notes below. 
Minimum amount for a 20-year pipeline contract is $1397. See notes below. 
Fees are $350 per event of application, renewal, or amendment.  
Assignment fees are $350 per easement. 
PLEASE NOTE: 

1. All charges are per line, per crossing. 
2. Rates for PSF acquired properties and properties within a municipality or 
its extraterritorial jurisdiction (ETJ) are negotiated. 
3. Damages are charged per rod and are applied to new easements only. 
4. Damages will not be assessed for lines that are directionally drilled/bored 
under State riverbeds, creeks, etc. 
5. Base rate may increase annually (but not decrease) September 1 of each 
year by the Consumer Price Index for all Urban Consumers (CPI-U).

 General Land Office Rates for Oil & Gas Related Pipelines 

All rates based on price per rod (1 rod = 16.5 feet)  

10-Year Term

Size Region 1 Region 2 Region 3 Damages
Non-State 

Oil & Gas

Up to 13" $15 $26 $21 $19 $131

>13" $38 $62 $50 $25 $131

20-Year Term

Up to 13" $20 $35 $28 $19 $179

>13" $52 $83 $68 $25 $179

 General Land Office Rates for Electric Power Lines 

All rates based on price per rod (1 rod = 16.5 feet)  

10-Year Term
Base Rate (per rod)

Power Line 

Capacity
Region 1 Region 2 Region 3

Damages 

(per rod)

<69 KV $16 $26 $21 $10

69-137 KV $26 $37 $31 $16

138 KV $47 $58 $52 $18

>138 KV $68 $79 $73 $21

Minimum of $1049 consideration per line, per crossing, per 10-year 
contract term. 
Fees are $350 per event of application, renewal, or amendment. 
Assignment fees are $350 per easement. 
 PLEASE NOTE: 
1. Rates for ROW easements over, across or under properties acquired by 
the PSF and properties within a municipality or its ETJ are negotiated.   
2. Damages apply to new easements only. 
3. Damages will not be assessed for lines that are directionally drilled/
bored under State riverbeds, creeks, etc. 
4. Base rate may increase annually (but not decrease) September 1 of each 
year by the CPI-U.

Miscellaneous Easement Regions Map
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Contacts

Leasing Main
Number 
512.463.5083 
Mike Lemonds 
Commercial Leasing 
512.463.3881 

Mike Lemonds
Robert Hatter 
Mineral Leasing 
512.475.1542 

Robert Hatter
Alan McWilliams 
Upland Surface
Leases 
512.463.9923 

Alan McWilliams
D. ain Rogers 
Renewable Energ.  
512.936.1962 

Dwain Rogers
Glenn Rosenbaum 
Miscellaneous
Easements / Rights Of
Wa.  
512.463.8180 

Glenn Rosenbaum

Leasing and Easements
The Te. as General Land Office leases state land for many purposes, including oil
and gas production, agriculture, commercial development and renewable energy
development. The Land Office leases state land to earn revenue for the Permanent
School Fund.

Easements are issued by the Land Office to companies or indiv iduals that need
access through state lands.  For example, an oil company needs an easement for
their oil pipeline to cross a river; river bottoms are considered state land. Easement
applications must be approved by either the School Land Board or the
Commissioner (depending on the type of easement). 

 T. pes of Leases and Easements:

Coastal (residential, commercial, cabins)
Mineral (Oil and Gas) 
Renewable Energy
Uplands (Surface Leasing, Grazing)
Right of Way /  Miscellaneous Easement

 

Land Office Interact ive Land/ Lease Mapping System

This interactive mapping tool displays Original Texas Land Survey (OTLS)
boundaries, rights of way, pipelines, cabins, state-owned lands, upland and coastal
leases, oil/gas wells, and the latest coastal imagery. Follow the link above and click
on Launch OTLS Application Link

Print this image     C lose
Fiscal year 2010 first
quarter.

Print this image     C lose
Revenue from Asset

Inspection Leases.

GLO What We Do State Lands Leasing and Easements  
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Te. as Administrative Code

. I. LE 31 NA. URAL RESOURCES AND CONSERVATION
PART 2 TEXAS PARKS AND WILDLIFE DEPARTMENT

CHAPTER 69 RESOURCE PROTECTION
SUBCHAPTER H ISSUANCE OF MARL, SAND, AND GRAVEL PERMITS

Rules

. 69.101 Management and Protection

. 69.102 Definitions
§69.103 Delegation of Authority
§69.104 Permit Required
§69.105 Application Procedures: Individual Permit
§69.106 Public Comment Hearing Procedures
§69.107 Contested Case Hearings
§69.108 Criteria
§69.109 Findings of Fact
§69.110 Period of Validity
§69.111 Requirements
§69.112 Restrictions
§69.113 Claims of Private Ownership
§69.114 Sedimentary Material Permit Application Fees
§69.115 General Permits
§69.116 Conditions
§69.117 Notification and Reporting for General Permits
§69.118 Best Management Practices
§69.119 Fees
§69.120 Exemptions
§69.121 Prices
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BILLING CODE:  3720-58 
 
DEPARTMENT OF DEFENSE 
 
Department of the Army; Corps of Engineers 
 

 
Public Scoping Meeting and Preparation of Environmental Impact Statement for Luce 

Bayou Interbasin Transfer Project in Liberty County and Harris County, TX 

 
AGENCY:  Department of the Army, U.S. Army Corps of Engineers, DoD. 
 
ACTION:  Notice of Intent. 
 
SUMMARY:   The U.S. Army Corps of Engineers, Galveston District, has received a permit 

application for a Department of the Army Permit pursuant to Section 10 of the Rivers and 

Harbors Act of 1899 (33 U.S.C. 403) and Section 404 of the Clean Water Act (33 U.S.C. 1344) 

from the Coastal Water Authority (SWG-2009-00188) for the proposed Coastal Water 

Authority’s Luce Bayou Interbasin Transfer Project located in eastern Liberty County with the 

26.5-mile corridor extending southwestward from the Trinity River to a discharge point near the 

confluence of Luce Bayou with Lake Houston.  The primary Federal involvement associated 

with the proposed action is the discharge or dredged or fill material into waters of the United 

States, including jurisdictional wetlands, and the construction of structures that may affect a 

navigable waters.  Federal authorizations for the proposed project would constitute a “major 

federal action.”  Based on the potential impacts, both individually and cumulatively, the Corps 

intends to prepare an Environmental Statement (EIS) in compliance with the National 

Environmental Policy Act to render a final decision on the permit applications.   

 The Corps’ decision will be to either issue, issue with modification or deny Department 

of the Army permits for the proposed action.  The EIS will assess the potential social, economic 
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and environmental impacts of the construction and operation of the interbasin conveyance, 

associated facilities, and appurtenances and is intended to be sufficient in scope to address 

Federal, State and local requirements, environmental issues concerning the proposed action, and 

permit reviews.   

DATES:  The scoping period will commence with the publication of this notice.  The formal 

scoping period will end 60 days after the publication of this notice.  Comments regarding issues 

relative to the proposed project should be received.  

ADDRESSES:  You may submit comments by any of the following methods:  Mail: Jayson M 

Hudson, U.S. Army Corps of Engineers, Regulatory Branch, P.O. Box 1229, Galveston, TX  

77553-1229; Fax: (409) 766-3931 or E-mail: Jayson.m.hudson@usace.army.mil.  Emailed 

comments, including attachments, should be provided in .doc, .docx, .pdf or .txt formats.  

Documents pertinent to the proposed project may be examined at 

http://www.swg.usace.army.mil/reg/eis.asp 

FOR FURTHER INFORMATION CONTACT:  Mr. Jayson Hudson, (409) 766-3108 
 
SUPPLEMENTARY INFORMATION:  The Galveston District intends to prepare a DEIS on 

the proposed Luce Bayou Interbasin Transfer Project which is the proposed transfer of water 

from the Trinity River in Liberty County to Lake Houston in Harris County, TX.  The Coastal 

Water Authority proposed this project and is the applicant for the Department of the Army 

permit (DA) SWG-2009-00188. 

 1.  Project Background:  The Coastal Water Authority is proposing to convey up to 400 

million gallons of water per day (MGD) under gravity in accordance with the City of Houston’s 

existing water rights permit from the Trinity River to Lake Houston, a distance of approximately 

26.5 miles.  The Trinity River water would be conveyed from the proposed pump station through 
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large diameter pipelines to a sediment storage and settling basin and then through an earthen 

canal to outfall at the Lake Houston discharge point.  The canal would have side berms and there 

would be an access road, drainage ditches, and perimeter fencing surrounding the water 

conveyance canal.  The proposed project consists of the following: 

 a.  A new water pumping station will be constructed on the Trinity River at Capers Ridge 

approximately 10 miles north of Dayton, TX. 

 b.  Dual, 108-inch diameter force mains will be constructed extending from the Capers 

Ridge pump station approximately 3.5 miles to the west and southwest to outfall to the 

sedimentation settling basin. 

 c.  An approximate 20-acre sedimentation settling and storage basin. 

 d.  An approximate 23.5 mile clay-lined earthen canal with 4:1 side slopes within a 300-

foot easement that would include access roads, berms, chain link perimeter fencing, flow control 

structures, and metering stations. 

 e.  Box culverts at canal and roadway crossings and multiple bawl-ground siphons 

constructed to facilitate wildlife movement and maintain existing hydrology along the canal 

conveyance system. 

 f.  An approximate 10-acre maintenance facility located approximately 6 miles north of 

Dayton, TX. 

 g.  Discharge structure along the southeastern shoreline of Lake Houston. 

 2.  Scoping and Public Involvement Process:  A Public Notice was published on April 19, 

2010 to initiate the public scoping process for the proposed project.  At that time, based on 

information provided by the Applicant, a preliminary review indicated that an Environmental 

Impact Statement (EIS) was not required.  However, based on continuing permit assessment and 
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information brought forth during the initial coordination process, areas of potential significant 

impact on the human environment have been identified.  Therefore, the EIS process is being 

implemented so that the permit application can be fully evaluated and a permit decision can be 

made.  All comments received to date, including those provided for review during the initial 

scoping process, will be considered by the Galveston District during EIS preparation.  The 

purpose of the EIS scoping meeting is to gather information on the subjects to be studied in 

detail by the EIS.   

 3.  Purpose and Need.  The basic purpose of the proposed action is to provide drinking 

water for the City of Houston and surrounding area.  The overall purpose is to provide drinking 

water utilizing from water rights currently held by the City of Houston in the Trinity River.  The 

Corps recognizes that there is a public and private need for drinking water. .  

 4.  Alternatives.  An evaluation of alternatives to the Applicant’s alternatives preferred 

alternative initially being considered includes a No Action alternative, alternatives that would 

avoid, minimize and compensate for impacts to the aquatic environment within the project right-

of-way, alternatives that would avoid, minimize and compensate for impacts to the aquatic 

environment outside of the right-of-way, alternatives utilizing alternative practices, and other 

reasonable alternatives that will developed through the project scoping process which may also 

meet the identified purpose and need.  

 5.  Public Involvement.  The purpose of the public scoping process is to determine 

relevant issues that will influence the scope of the environmental analysis and EIS alternatives.  

General concerns in the following categories have been identified to date: potential direct effects 

to waters of the United States including wetlands; water quality; aquatic species; air quality; 

environmental justice; socioeconomic environment; archaeological and cultural resources; 
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recreation and recreational resources; energy supply and natural resources; hazardous waste and 

materials; aesthetics; public health and safety; navigation; erosion and accretion; invasive 

species; cumulative impacts; public benefit and needs of the people along with potential effects 

on the human environment.  All parties who express interest will be given an opportunity to 

participate in the process.  

 6.  Coordination.  The proposed action is being coordinated with a number of Federal, 

State, regional and local agencies including but not limited to the Environmental Protection 

Agency, the United States (U.S.) Fish and Wildlife Service, U.S. National Marine Fisheries 

Service, the Texas Commission on Environmental Quality, the Texas General Land Office, and 

the Texas Parks and Wildlife Department.  Other agencies, including the Trinity River National 

Wildlife Refuge, Texas Water Development Board, and the Texas Department of Transportation, 

may also comment during the scoping process. 

 7.  Availability of the Draft EIS.  The Corps currently expects the Draft EIS to be made 

available to the public by December 2011.  A public scoping meeting will be held at the Dayton 

Community Center in Dayton, Texas.  The Corps will announce the public scoping meeting 

through local news media and the Corps’ webpage at http://www.swg.usace.army.mil/reg at least 

15 days prior to the first meeting.   

 
 
Brenda S. Bowen 
Army Federal Register Liaison Officer 
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Permit Application Form 

PDF form for filling out, printing and email distribution.
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Statement of Compliance with the
Texas Coastal Management Plan

If your project is located within the Texas Coastal Management Area, you will
need to submit this compliance statement with your application (June 6, 2006)

Texas State Water Quality
Certification of Section 404
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Information from the Texas Commission on Environmental Quality (TCEQ) on
State Water Quality Certification of Section 404 Permits in Texas (April 12,
2004). 

Water Quality Certification
Checklist for Tier I (Small Projects)

A checklist provided by the TCEQ for Tier I projects in Texas (December 29,
2006 revised b.  TCEQ).

Description of Best Management
Practices used to reduce water
quality impacts for Tier I (Small

Projects)

The TCEQ provides descriptions of Best Management Practices (BMPs) to reduce
water quality impacts (April 12, 2004).

Water Quality Certification
Questionnaire for Tier II Projects 

You must complete and submit this TCEQ Questionnaire if your project requires a
Water Quality Certification and does not qualify for Tier I (March 5, 2001).
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Conditions for Nationwide Permits

(Updated May 2007)
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TCEQ Enclosure 3 - Detailed description of BMPs
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additional conditions for NWPs in Indian Country (11 May 2007).

Sample Plans
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For technical assistance on this page.
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Endangered Species Permits 
 
Permits and authorizations are required under the Endangered 
Species Act (ESA) for activities that may "take" native 
threatened or endangered species. For general information 
about these permits and points of contact, see our fact sheet 
entitled "Permits for Native Species Under the Endangered 
Species Act" (529 KB Adobe pdf file).
 
Go here for answers to your questions about permits for 
foreign species. (2-page PDF)
 

Permits for Native Endangered Species 
There are three types of permits that the U.S. Fish and Wildlife 
Service issues for native endangered or threatened species:
 
1. Recovery and Interstate Commerce Permits (Section 
10(a)(1)(A) of the ESA)

For scientific research on a listed species or 
activities to enhance a listed species propagation or 
survival a Section 10(a)(1)(A) permit is required. 
Examples include, but are not limited to: 
abundance surveys, genetic research, relocations, 
capture and marking, and telemetric monitoring. A 
permit may also be required to possess tissues 
and/or body parts of listed species.
 
Applying for a permit from the U.S. Fish and 
Wildlife Service: Instructions on how to apply for a 
permit.

 
2. Incidental Take Permits (Section 10(a)(1)(B) of the ESA)

If you are engaged in an otherwise lawful activity 
where a listed species may be adversely affected, 
and the purpose of your activity is not scientific 
research or enhancement of a listed species, you 
may need to obtain an Incidental Take Permit 
(section 10(a)(1)(B)). 
 
Examples of activities that may require an 
Incidental Take Permit include, but are not limited 
to: construction and/or development activities or in
stream or watershed activities that may impact 
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1.0 Habitat Evaluation Procedure Overview 

The Habitat Evaluation Procedure (HEP) is a habitat-based evaluation methodology developed by 
U.S. Fish and Wildlife Service (USFWS) in 1974 for use as an analytical tool in impact assessments 
and project planning.  HEP is a species-habitat analysis of the ecological value of a study area.  Its 
approach is to quantify the value of habitat available to a selected set of wildlife species within a 
specified geographic area of interest.  The method is designed to describe wildlife habitat values at 
baseline and future conditions to allow for comparisons of the relative values of different areas at the 
same point in time or of the same area at different points in time.  Because HEP provides a 
quantitative method for such comparisons, it may be used to undertake assessments of current and 
future wildlife habitat or compensation analyses.  

HEP appraises a study area by quantifying its habitat value, calculated as the product of habitat 
quantity and habitat quality.  This value is expressed in Habitat Units (HU).  Habitat quantity is simply 
the total area of habitat available within the study area, usually expressed in number of acres. 
Available habitat within the study area may be subdivided into cover types, or distinct areas with 
similar ecological characteristics that are adequately homogeneous.  If the study area is subdivided 
into cover types, habitat quantities used in evaluation may be subsets of the study area.  Habitat 
quality is expressed in terms of a Habitat Suitability Index (HSI), which is determined by comparing the 
ecological characteristics of the study area to the habitat characteristics that are optimum for the 
evaluation species.  Evaluation species are representative wildlife species with known habitat 
requirements selected to provide the basis for assessment of habitat suitability. 

HSI values are based on two components, including the habitat characteristics that provide ideal 
conditions for an evaluation species and the habitat characteristics existing in the study area.  These 
characteristics are described by a set of measurable habitat variables, such as the height and percent 
cover of various vegetation types, the distance to water or food, the availability of perching or nesting 
sites, or the frequency of flooding.  The set of habitat variables needed to determine HSI values are 
obtained from documented habitat suitability models for each evaluation species.  These models 
describe the life requisites of each species, the relationship between the values of habitat variables, 
the suitability of the area to meet its life requisites, and the method to integrate these suitability 
relationships into an HSI value. HSI values range from 0.0 to 1.0, with 0.0 representing unsuitable 
conditions and 1.0 being optimal conditions.  

Habitat values may be calculated for each evaluation species within its available habitat or for each 
cover type within the study area.  Calculations based on existing ecological conditions can be used to 
describe baseline conditions and serve as a reference point for comparison to predicted future habitat 
values with or without proposed actions or mitigation measures.  HEP provides a consistent means of 
assessing project impacts by demonstrating, in HUs gained or lost, the beneficial or adverse impacts 
anticipated as a result of various courses of action.  HEP aids mitigation analysis by identifying which 
factors negatively impact habitat values in various scenarios, thus suggesting means for improving 
habitat or selecting mitigation lands. 

The generalized process for conducting a HEP study involves the following components 
(USFWS 1980): 

• Determine the applicability of HEP and define the study area; 

• Delineate habitat or vegetation cover types; 

• Select the relevant evaluation species; 
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• Determine each species’ life requisites; 

• Measure habitat variables for suitability; 

• Determine baseline and future habitat units; and 

• Develop compensation/mitigation plans for the proposed project. 

1.1 Applicant’s Proposed Alternative 
The Applicant’s proposed alternative begins in central Liberty County, Texas, extends along Capers 
Ridge from the Trinity River intake structure and terminates in northeast Harris County, Texas near the 
confluence of the East Fork of the San Jacinto River and Lake Houston.  A vicinity map (Figure 1) 
depicting the location of the Applicant’s proposed alternative is located in the exhibits attached to this 
report.  The Applicant’s proposed alternative is approximately 26.5 miles in length and would 
encompass approximately 1,054 acres within a 300-foot wide right-of-way (ROW).  The existing 
habitat within the Applicant’s proposed alternative is comprised of forested areas, agricultural land, 
grazing land, and public ROWs.  

1.1.1 Proposed Mitigation Property 

For unavoidable impacts to the approximately 203 acres of waters and wetlands identified within the 
Proposed Alternative, compensatory mitigation is required by the U.S. Army Corps of Engineers 
(USACE) to replace the ecological functions and services provided by these aquatic resources.  An 
approximately 2,983 acre parcel of land has been identified as the site to be used for compensatory 
mitigation.  The Applicant’s proposed mitigation property is located adjacent to the Trinity River and 
surrounds the northeastern portion of the Luce Bayou Interbasin Transfer Project (LBITP) corridor 
near the proposed Caper Ridge Pump Station.  The Applicant’s proposed mitigation property contains 
two unique topographical features: Capers Ridge and Gillen Bayou.  Capers Ridge is an isthmus of 
high ground that protrudes into the floodplain of the Trinity River and is approximately 75 feet higher in 
elevation than the surrounding floodplain.  Gillen Bayou is a perennial water body that flows to the 
east through the southeastern portion of the Applicant’s proposed mitigation property.      

The habitats located on the Applicant’s proposed mitigation property  include deciduous and mixed 
hardwood forested wetlands, bottomland hardwood forests, emergent wetlands, deciduous and 
evergreen forested uplands, maintained grassland, and fallow pastureland.  The Applicant’s proposed 
mitigation property was acquired by Coastal Water Authority (CWA) in 2010 to provide compensation 
for unavoidable impacts to aquatic resources through preservation.  The majority of the Applicant’s 
proposed mitigation property is forested.  An area in the southeastern portion of the site has been 
previously cleared and used as pasture and grazing lands for several decades.  Grazing activities 
have ceased subsequent to CWA acquisition of the property and the pastureland is currently fallow 
and is undergoing succession towards scrub-shrub habitat.  Activities of previous landowners have 
altered the landscape of portions of the Applicant’s proposed mitigation property, including clearing of 
the Trinity River floodplain (pastureland along Gillen Bayou), drainage improvements, timber 
harvesting activities, hunting, oil and gas exploration, and cattle grazing.  Prior to acquisition by the 
CWA, the compensatory Applicant’s proposed mitigation property was also subject to the threat of 
imminent residential land development and clearing of timber resources by the previous property 
owners.  Compensatory mitigation through preservation of the Applicant’s proposed mitigation 
property would remove the threat of land development and timber activities from the site in perpetuity.  
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2.0 Baseline Assessment 

Methodologies used during the baseline assessment include cover type determination, selection of 
evaluation species, determination of baseline suitability indices, and determination of baseline habitat 
units. These methodologies are discussed in more detail in the sections below.   

2.1 Cover Type Determination 
Data from the Texas Parks & Wildlife Department (TPWD) Ecological Systems Classifications of 
Texas project (TPWD, 2011) was utilized as the basis for determining cover types on both the 
Applicant’s proposed alternative and the Applicant’s proposed mitigation property.  The Ecological 
Systems Classifications of Texas Project used remote sensing technologies to map ecological 
systems throughout the state of occur Texas.  Ecological systems are defined as groupings of plant 
communities that tend to co- on the landscape and share similar ecological processes. TPWD mapped 
multiple vegetation types that were components of the more broadly defined ecological systems.  
These mapping subsystems typically represent the various land covers (e.g. broadleaf evergreen 
forest, deciduous forest, evergreen shrubland, grassland) that constitute the full range of variation 
within an ecological system, depending on land use history and natural successional state. 

Spatial data from the TPWD Ecological Systems Classifications of Texas project was imported into a 
Geographical Information System (GIS) to determine the cover types that would be evaluated within 
the HEP analysis.  Based upon a review of the TPWD spatial data, it was determined that 25 cover 
types were contained within the Applicant’s proposed mitigation property  and 29 cover types were 
contained within the Proposed Alternative.  In order to provide compatibility with the cover types 
applicable to HEP analysis, TPWD cover types were consolidated into a total of eight broad level 
cover types.  Figures depicting the cover types on the Applicant’s proposed alternative and the 
Applicant’s proposed mitigation property that were evaluated by this HEP analysis are located in the 
Exhibits.  Table 1 details the TPWD cover types that were identified within the Applicant’s proposed 
alternative and the Applicant’s proposed mitigation property and the corresponding cover types that 
were utilized for the HEP analysis. 

Table 1.  Cover Type Available within Applicant’s Proposed Alternative and Proposed 
Mitigation Property 

TPWD Cover Classification Proposed 
Alternative 

Proposed 
Mitigation 
Property 

HEP Cover 
Type 
Classification 

Row Crops X  Cropland 
Native Invasive: Deciduous Woodland X  

 
 
 
Deciduous 
Forest 
(Uplands) 

Non-Native Invasive: Chinese Tallow Forest, 
Woodland, or Shrubland X X 

Pineywoods: Dry Upland Hardwood Forest X X 
Pineywoods: Sandhill Oak Woodland X X 
Pineywoods: Upland Hardwood Forest X X 
Native Invasive: Deciduous Shrubland X X 
Pineywoods: Hardwood Flatwoods X X 
Pineywoods: Bottomland Deciduous Successional 
Shrubland  X 

 
Pineywoods: Southern Mesic Hardwood Forest  X 
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2.2 Evaluation Species Selection 
Seven evaluation species were selected by the HEP team based on their ecological significance within 
the cover types that were evaluated and the availability of applicable HSI models.  The evaluation 
species include three mammal species (beaver, eastern cottontail, and raccoon) and four bird species 
(eastern wild turkey, wood duck, belted kingfisher, and pine warbler).  These species were selected for 
the HEP analysis due to the presence of their primary feeding and nesting guilds within the cover 
types that are found within the existing environment of the Applicant’s proposed alternative and the 
Applicant’s proposed mitigation property.  In addition, the Applicant’s proposed alternative and the 
Applicant’s proposed mitigation property are within the geographic range of all of the evaluation 
species and a USFWS HSI model is available for each of these species.  At least two species, and in 

Table 1.  cont. 

TPWD Cover Classification Proposed 
Alternative 

Proposed 
Mitigation 
Property 

HEP Cover 
Type 
Classification 

Chenier Plain: Mixed Live Oak/Deciduous Hardwood 
Fringe Forest X X Deciduous 

Forest 
(Uplands) Pineywoods: Pine/Hardwood Forest or Plantation X X 

Urban Low Intensity X X 
Pineywoods: Wet Hardwood Flatwoods X X 

Deciduous 
Forest 
(Wetlands) 

Pineywoods: Bottomland Seasonally Flooded 
Hardwood Forest X X 

Pineywoods: Bottomland Temporarily Flooded 
Hardwood Forest X X 

Pineywoods: Bottomland Bald Cypress Swamp X X 
Pineywoods: Small Stream and Riparian Seasonally 
Flooded Hardwood Forest  X 

Swamp X  
Native Invasive: Juniper Shrubland X  

Evergreen 
Forest 
(Uplands) 

Pineywoods: Longleaf or Loblolly Pine/Hardwood 
Flatwoods or Plantation X X 

Pineywoods: Longleaf or Loblolly Pine Flatwoods or 
Plantation X X 

Pine Plantation: > 3 meters tall X X 
Pine Plantation: 1 to 3 meters tall X X 
Pineywoods: Dry Pine Forest or Plantation  X 
Pineywoods: Pine Forest or Plantation X X 
Pineywoods: Sandhill Pine Woodland X X 
Gulf Coast: Coastal Prairie X  

Grassland 
Pineywoods: Disturbance or Tame Grassland X X 
Pineywoods: Herbaceous Flatwoods Pond X  

Herbaceous 
Wetlands 

Pineywoods: Bottomland Wet Prairie  X 
Gulf Coast: Coastal Prairie Pondshore X  
Marsh X  

Open Water X  
Lacustrine 
Riverine 
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most cases more than two species, were utilized to assess the ecological value of each cover type for 
this HEP analysis.  Table 2 details the seven evaluation species that were utilized for the HEP 
analysis and the cover types that each species’ HSI model is applicable to.  

2.2.1 Beaver 

Beavers (Castor Canadensis) are highly specialized aquatic rodents found in streams, ponds, and the 
margins of large lakes where they construct elaborate lodges and burrows and store food for winter 
use.  These herbivores show strong preference for aquatic and terrestrial herbaceous vegetation, as 
well as the leaves, twigs, and bark of woody plants.  An adequate and accessible supply of food must 
be present for beavers to establish a colony.  Beavers require a permanent supply of water and prefer 
a seasonably stable water level.  In riverine systems, stream gradient is the most significant factor in 
determining the suitability of habitat for beavers.  Previous studies indicate that beavers will not 
establish colonies in streams with gradients greater than 15%.   

Beaver lodges or burrows may be surrounded by water, constructed against a bank, or over the 
entrance to a bank burrow.  These lodges are the major source of escape, resting, thermal, and 
reproductive cover.  On lakes and ponds, lodges are frequently situated in areas that provide shelter 
from wind, wave, and ice action (Allen 1982). 

2.2.2 Belted Kingfisher 

The belted kingfisher (Megaceryle alcyon) is typically found in stream courses and lake and pond 
edges.  Belted kingfishers primarily feed on fish that swim near the surface of clear waters that are not 
overgrown with thick vegetation.  The kingfisher diet also includes crayfish, crabs, mussels, lizards, 
frogs, toads, small snakes, turtles, insects, salamanders, newts, young birds, mice, and berries when 
fish are scarce.  Fishing is confined to shallow waters or near the surface of deeper, clear waters.  
Wave action caused by wind on the water surface is almost as important as turbidity in determining 
belted kingfisher population distribution, foraging locations, and fishing success.  Belted kingfishers 
are seldom seen on ponds or streams that are overgrown with thick vegetation that obscures vision.  
Belted kingfisher broods use shrub cover along water edges for concealment and typically roost in 
deciduous trees 6.1 to 7.6 meters above the ground (Prose 1985). 

Table 2.  Species/Cover Type Associations within Applicant’s Proposed Alternative and 
Proposed Mitigation Property 

HEP Cover Type 
Classification 

HEP Evaluation Species 

Beaver Belted 
Kingfisher 

Eastern 
Cottontail 

Eastern 
Wild 
Turkey 

Pine 
Warbler Raccoon Wood 

Duck 

Cropland   X X    
Deciduous Forest 
(Uplands)   X X X X X 

Deciduous Forest 
(Wetlands) X   X  X X 

Evergreen Forest 
(Uplands)   X X X X  

Grassland   X X    
Herbaceous 
Wetlands X     X X 

Lacustrine X X      
Riverine X X     X 



Habitat Evaluation Procedure 2-6 January 2012 

2.2.3 Eastern Cottontail 

Eastern cottontails (Sylvilagus Floridanus) are habitat generalists within a wide range of early- to mid-
succession habitats. They require an abundance of both well-distributed escape cover within a 
grassland community and open areas for nocturnal foraging.  This combination often consists of old-
field bordered by shrubby edge habitat.  Eastern cottontails also need dense thickets or hedgerows for 
resting and daytime shelter.  Nests are usually located in areas of thick grass cover, such as hayfields 
and fallow fields that lie near escape cover.  Woody vegetation is essential to the survival and 
abundance of the eastern cottontail as it provides preferable food, shelter, and escape cover (Allen 
1984).  

2.2.4 Eastern Wild Turkey 

Eastern wild turkeys (Meleagris Gallopavo) occupy a wide range of habitats, including bottomland 
hardwood forests, upland forests, fields, and pastures.  Brood-rearing, feeding, loafing and dusting 
sites are often found in clearings and savannas scattered throughout the forest. Therefore, a mixture 
of open, mature woodlands and open lands provides ideal habitat for the eastern wild turkey. 
Preferred foraging cover for hens with young consists of fields or open forests where the herbaceous 
vegetation is high enough for concealment and sparse enough to allow easy movement.  Hay fields, 
fence rows, and utility ROWs provide important nest sites in densely forested areas.  Ideal foraging 
cover for hens is tall enough to conceal the young for six weeks after hatching and short enough to 
allow females visibility for detecting distant predators.   

The diet of the eastern wild turkey is largely comprised of plant material found in forest openings and 
open woodlands, with acorns as a staple component.  Turkey abundance is inversely correlated with 
human abundance, as turkey populations typically decline with habitat loss due to urbanization, 
highway and reservoir construction, expanded row crop farming, and conversion of large areas to pine 
plantations.  The presence of water, such as streams, ponds, seeps, and depressions, is also an 
essential factor for good turkey range (Schroeder 1985).   

2.2.5 Pine Warbler 

The pine warbler (Dendroica Pinus) is generally restricted to pure stands of pine and pine-hardwood 
forests.  Grasshoppers, moths and their larvae, beetles, ants, flies, and scale insects are the major 
summer foods of the pine warbler.  In the winter, warblers may search tree trunks and the forest floor 
for insects and vegetable food, such as seeds of pine, wild fruits, and berries.  Pine warbler nests may 
be constructed on a horizontal branch, in needles at the end of a branch, or in a clump of cones 
between nine and 15 meters above the ground (Schroeder 1982). 

2.2.6 Raccoon 

Coastal swamps, marshes, and bottomland hardwood forests maintain the greatest numbers of 
raccoons (Procyon Lotor) by supplying their daily need for water and cover.  Upland populations are 
limited by their access to water, preferring hardwood forests near rivers, streams, or swamps.  
Raccoons forage nocturnally on a limitless variety of food, including fruits, insects, aquatic animals, 
small mammals, and reptiles.  Access to open areas increases the availability of many of their food 
sources. These solitary mammals prefer to locate their dens in overmature hardwood trees, especially 
for raising their young, but will also utilize rock crevices, caves, and brush piles.  Den cavities are most 
frequently found on bottomland forests and are usually within or just below the tree canopy, 21 meters 
or more above the ground (Author Unknown 1980). 

2.2.7 Wood Duck 

Year-round residents in the southeastern United States, wood ducks (Aix Sponsa) inhabit wooded 
areas near shallow, slow-moving creeks and rivers, as well as those near floodplain lakes, swamps, 
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and beaver ponds.  Since wood ducks nest in tree cavities, ideal nesting habitat is mature hardwood 
forest proximal to aquatic feeding sites.  Suitable cover is primarily provided by trees or shrubs 
overhanging water and flooded woody vegetation.  Wood ducks also require adequate loafing sites 
adjacent to water that have good visibility and proximate cover, ideally with an abundance of downed 
trees.  Mast, aquatic vegetation, insects, and aquatic invertebrates make up the majority of their food 
sources (Sousa and Farmer 1983). 

2.3 Habitat Variable Measurements and Cover Type Descriptions 
Field sampling was conducted by the HEP team members in December 2011 and January 2012.  A 
total of 78 sample sites were assessed during the field surveys. Six sample sites were assessed within 
each cover type contained within the Applicant’s proposed alternative for a total of 48 sample sites.  
Six sample sites were also assessed within each cover type contained within the Applicant’s proposed 
mitigation property for a total of 30 sample sites.  Field datasheets documenting results of field 
measurements for species habitat variables are provided in Appendix A.  Photographs taken to 
document typical habitats encountered during the field assessments are presented in Appendix B. 

The location of sampling sites and the distribution of cover types within the Applicant’s proposed 
alternative and the Applicant’s proposed mitigation property are shown in Figures 2-20 in the Exhibits.  
The distribution of the sampling sites is also depicted on aerial photographs of the project sites in 
Figures 2-20 in the Exhibits.  

Upland cover types assessed as part of this HEP analysis included Evergreen Forest (Uplands), 
Deciduous Forest (Uplands), Grassland, and Cropland.  Wetland cover types assessed included 
Deciduous Forest (Wetlands), Herbaceous Wetland, Lacustrine, and Riverine.  Table 3 reports the 
size of each cover type within the Applicant’s proposed alternative and the Applicant’s proposed 
mitigation property.  The following descriptions of cover types are based on the results of field 
observations made during December 2011 and January 2012.  

 

2.3.1 Evergreen Forest (Uplands) 

According to USFWS guidelines, upland forests are defined as non-wetland areas dominated by trees 
that are at least five meters tall with a minimum tree canopy closure of 25 percent.  Upland forests in 
which at least 50 percent of the tree canopy cover is composed of trees that retain their green foliage  
year-round are designated as evergreen forests.  Evergreen forests typically have a tree canopy with 

Table 3.  Cover Type Area within the Applicant’s Proposed Alternative and Proposed 
Mitigation Property 

HEP Cover Type Classification 

Cover Type Area 
(acres) 

Proposed Alternative Proposed Mitigation 
Property 

Cropland 253 0 
Deciduous Forest (Uplands) 293 593 
Deciduous Forest (Wetlands) 27 735 
Evergreen Forest (Uplands) 282 1,330 
Grassland 181 18 
Herbaceous Wetlands 12 307 
Lacustrine 5 0 
Riverine 1 0 
Total 1,054 2,983 
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very few deciduous trees and with little understory (USFWS 1981).  The Evergreen Forest (Uplands) 
cover type is available on both the Applicant’s proposed alternative  (282 acres) and the Applicant’s 
proposed mitigation property  (1,330 acres).  

Dominant tree species in the Evergreen Forest (uplands) cover type are loblolly pine (Pinus taeda), 
sweetgum (Liquidambar styraciflua), Chinkapin oak (Quercus muehlenbergii), southern red oak 
(Quercus falcata), water oak (Quercus nigra), and Chinese tallow (Triadica sebifera).  Of these 
species, loblolly pine was the most abundant, dominating over fifty percent of the tree canopy. 

The shrub, herb, and vine strata in this cover type contain a large diversity of plants, including sweet 
gum, yaupon (Ilex vomitoria), loblolly pine, red maple (Acer rubrum), woodoats species 
(Chasmanthium spp.), poisonbean (Sesbania drummondii), eastern baccharis (Baccharis halimifolia), 
dwarf palmetto (Sabal minor), dogfennel (Eupatorium capillifolium), Canada goldenrod (Solidago 
canadensis), blackberry species (Rubus spp.), roundleaf greenbrier (Smilax rotundifolia), climbing fern 
species (Lygodium spp.), and trumpet creeper (Kampsis radicans). 

Wildlife observations in the Evergreen Forest (Uplands) cover type include the Carolina chickadee 
(Poecile carolinensis), Red-bellied woodpecker (Melanerpes carolinus), and eastern grey squirrels 
(Sciurus carolinensis).  Eastern cottontail (Sylvilagus floridanus) scat, white-tailed deer (Odocoileus 
virginiana) scat and tracks, and wild hog (Sus scrofa) tracks were also observed. 

2.3.2 Deciduous Forest (Uplands) 

Deciduous Forest (Uplands) are upland forests that are further defined by a canopy that is composed 
of at least 50 percent deciduous species, or species that completely shed their foliage during part of 
the year (USFWS 1981).  Deciduous Forest (Uplands) cover type is available on both the Applicant’s 
proposed alternative  (293 acres) and the Applicant’s proposed mitigation property  (593 acres).  

Dominant tree species in the Deciduous Forest (Uplands) cover type are willow oak (Quercus phellos), 
water oak, southern red oak, American elm (Ulmus Americana), loblolly pine, Chinese tallow, and 
sweetgum. 

The shrub, herb, and vine strata in this cover type are composed of yaupon, dwarf palmetto, American 
holly (Ilex opaca), green hawthorn (Crataegus viridis), American beautyberry (Callicarpa americana), 
American hornbeam (Carpinus caroliniana), woodoats species, splitbeard bluestem (Andropogon 
ternarius), switchgrass (Panicum virgatum), sedge species (Carex spp.), blackberry species, 
Japanese honeysuckle (Lonicera japonica), greenbrier species (Smilax spp.), and devil’s walking stick 
(Aralia spinosa). 

Wildlife observations in the Deciduous Forest (Uplands) cover type include the nine-banded armadillo 
(Dasypus novemcinctus), wild hog, blue jay (Cyanocitta cristata), woodpecker species (Melanerpes 
sp.), Carolina chickadee, turkey vulture (Cathartes aura), American crow (Corvus brachyrhynchos), 
and eastern grey squirrels.  White-tailed deer tracks and scat were also observed. 

2.3.3 Deciduous Forest (Wetlands) 

According to USFWS guidelines, forested wetlands are defined as wetland areas in which the 
dominant vegetative community is composed of woody plants that are at least six meters tall with total 
vegetation cover of at least 30% (USFWS 1981).  These areas are further defined according to the 
guidelines for deciduous forests described above.  Deciduous Forest (Wetlands) cover type is 
available on both the Applicant’s proposed alternative (27 acres) and the Applicant’s proposed 
mitigation property (735 acres).   
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Dominant tree species in the Deciduous Forest (Wetlands) cover type include water oak, willow oak, 
Shumard’s oak (Quercus shumardii), swamp chestnut oak (Quercus michauxii), loblolly pine, 
sweetgum, red maple, American elm, Chinese tallow, bald cypress (Taxodium distichum), sugarberry 
(Celtis laevigata), cedar elm (Ulmus crassifolia), and green ash (Fraxinus pennsylvanica). 

The shrub, herb, and vine strata in this cover type are composed of yaupon, green hawthorn, inkberry 
(Ilex glabra), eastern baccharis, woodoats, golden bamboo (Phyllostachys aurea), bushy bluestem 
(Andropogon glomeratus), sedge species (Cyperus spp.), dogfennel, muscadine (Vitis rotundifolia), 
blackberry species, climbing fern species, common buttonbush (Cephalanthus occidentalis), 
greenbrier species, and maidencane (Panicum hemitomun). 

Wildlife observations in the Deciduous Forest (Wetlands) cover type include the eastern cottontail, 
American crow, Carolina wren (Thryothorus ludovicianus), nine-banded armadillo, and Carolina 
chickadee.  Nests of squirrel species (Sciurus spp.), wild hog wallows, and great egret (Ardea alba) 
calls were also observed. 

2.3.4 Grassland 

Grassland cover types are defined as upland areas with a minimum 25 percent canopy cover of  
non-woody vegetation, of which grasses are dominant. This cover type includes prairies and 
rangeland (USFWS 1981).  Grassland cover type is available on both the Applicant’s proposed 
alternative (181 acres) and the Applicant’s proposed mitigation property (18 acres). Tree species in 
the Grassland cover type are not abundant, but include sweetgum, water oak, and loblolly pine. 

The shrub, herb, and vine strata in this cover type are composed of loblolly pine, sweetgum, Chinese 
tallow, eastern baccharis, southern crabgrass (Digitaria siliaris), common dandelion (Taraxacum 
officinale), burclover (Medicago polymorpha), narrowleaf plantain (Plantago lanceolata), curly dock 
(Rumex crispus), bermudagrass (Cynodon dactylon), blackberry species, bahiagrass (Paspalum 
notatum), and dogfennel. 

Wildlife observations in the Grassland cover type include the turkey vulture, blue jay, red bellied 
woodpecker, eastern meadowlark (Sturnella magna), American goldfinch (Spinus tristis), northern 
mockingbird (Mimus polyglottos), northern cardinal (Cardinalis cardinalis), and northern harrier (Circus 
cyaneus).  Crayfish species (Procambarus spp.) burrows and chorus frog (Pseudacris spp.) calls were 
also observed. 

2.3.5 Herbaceous Wetlands 

Herbaceous Wetlands cover type is defined as wetland areas with total vegetation cover in excess of 
30 percent, dominated by herbaceous hydrophytic plants (USFWS 1981).  Herbaceous Wetlands 
cover type is available on both the Applicant’s proposed alternative (12 acres) and the Applicant’s 
proposed mitigation property (307 acres).   

Tree species in the Herbaceous Wetlands cover type are not abundant, but include Chinese tallow, 
loblolly pine, water oak, willow oak, bald cypress, and American elm.  The shrub, herb, and vine strata 
in this cover type hosts a broad diversity of plant life, including eastern baccharis, dwarf palmetto, 
dogfennel, bushy bluestem, splitbeard bluestem, switchgrass, common rush (Juncus effusus), 
mountain spikerush (Eleocharis montana), anglestem beaksedge (Rhynchospora caduca), shortbristle 
horned beaksedge (Rhynchospora corniculata), woodrush flatsedge (Cyperus entrerianus), Canada 
goldenrod (Solidago altissima), sugarcane plumegrass (Saccharum giganteum) and blackberry 
species. 
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Wildlife observations in the Herbaceous Wetlands cover type include the great blue heron (Ardea 
herodias) and killdeer (Charadrius vociferus).  Wild hog and white-tailed deer tracks, eastern cottontail 
scat, crayfish burrows, chorus frog calls, and numerous game trails were observed. 

2.3.6 Cropland 

Croplands are defined as agricultural uplands planted with agricultural crops and harvested annually. 
This definition does not include pasture and hayland (USFWS 1981).  Cropland cover type is available 
on the Applicant’s proposed alternative (253 acres).  No Cropland is available on the Applicant’s 
proposed mitigation property. 

The Cropland cover type does not host any dominant tree species, and is composed of a variety of 
herbaceous plants, including southern crabgrass, bermudagrass, switchgrass, bushy bluestem, 
bahiagrass, horsenettle species (Solanum spp.), sandbur species (Cenchrus spp.), sneezeweed 
(Helenium amarum), Johnsongrass (Sorghum halepense), grain sorghum (Sorghum bicolor), annual 
marsh elder (Iva annua), partridge pea (Chamaecrista fasciculata), and Brazilian vervain (Verbena 
brasiliensis). 

Wildlife observations in the Cropland cover type include turkey vultures and red-tailed hawks (Buteo 
jamaicensis). 

2.3.7 Lacustrine 

Lacustrine cover types include wetlands and deepwater habitats that are situated in a topographic 
depression, lack trees, shrubs, or persistent emergent vegetation with greater than 30% aerial 
coverage, and have a total area greater than 20 acres (USFWS 1981).  Lacustrine cover type is 
available on the Applicant’s proposed alternative  (5 acres).  No Lacustrine areas are available on the 
Applicant’s proposed mitigation property.  

No trees were observed in the Lacustrine cover type. The shrub, herb, and vine strata contain bald 
cypress, Chinese tallow, red maple, sweetgum, American elm, water oak, eastern baccharis, 
greenbrier, peppervine (Ampelopsis arborea), blackberry species, and Canada goldenrod. 

Wildlife observations in the Lacustrine cover type include the barred owl (Strix varia), downy 
woodpecker (Picoides pubescens), ruby crowned kinglet (Regulus calendula), belted kingfisher 
(Ceryle alcyon), American coot (Fulica americana), sparrow species, Carolina chickadee, northern 
mockingbird, and northern cardinal. 

2.3.8 Riverine 

Riverine cover types include all wetland and deepwater habitats contained within a channel. A channel 
is defined as an open conduit, naturally or artificially created, which periodically or continuously 
contains moving water, or which forms a link between two bodies of water (USFWS 1980).  This 
definition excludes wetlands dominated by trees, shrubs, or emergent vegetation, as well as wetlands 
containing water with greater than 0.5 parts per thousand of ocean-derived salts.  Riverine cover type 
is available on the Applicant’s proposed alternative (1 acre).  No Riverine areas are available on the 
Applicant’s proposed mitigation property.   

Dominant tree species in the Riverine cover type are water oak, willow oak, loblolly pine, and red 
maple. The shrub, herb, and vine strata in this cover type include heath aster (Aster ericoides), marsh 
seedbox (Ludwigia palustris), switchgrass, splitbeard bluestem, bushy bluestem, and annual marsh 
elder. 

Wildlife observations in the Riverine cover type include striped bass (Morone saxatilis) and white-tailed 
deer tracks. 
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2.4 Baseline Habitat Suitability Indices 
Calculation of HSI values were performed for the Applicant’s proposed alternative and the Applicant’s 
proposed mitigation property according to standard models developed for each evaluation species. 
Habitat variables assessed for each species model are included in Appendix A and the specific HSI 
calculations for each species evaluated by cover type are included in Appendix C.1.  To compute the 
HSIs for an individual species, values obtained in the field for each variable were converted to 
Sustainability Indices (SIs) utilizing species specific models.  Species SI values were input into life 
requisite equations established within the models to obtain an individual species HSI.  HSI values for 
three species, including the eastern wild turkey, the wood duck, and the eastern cottontail required 
more detailed analysis utilizing multi-cover worksheets, included in Appendix C.2.  Table 4 displays 
HSI values for each cover type on the Applicant’s proposed alternative and Table 5 displays the HSI 
for each cover type on the Applicant’s proposed mitigation property.  Average HSI values for each 
cover type were calculated as the arithmetic mean of all the individual species’ HSIs applicable to that 
cover type.  

 

Table 5.  Habitat Suitability Indices by Cover Type within the Proposed Mitigation Property 

Table 4.  Habitat Suitability Indices by Cover Type within the Proposed Alternative 

HEP Cover 
Type  

HEP Evaluation Species 
Average HSI 

Values Beaver Belted 
Kingfisher 

Eastern 
Cottontail 

Eastern 
Wild 

Turkey 
Pine 

Warbler Raccoon Wood 
Duck 

Cropland -- -- 0.59 0.25 -- -- -- 0.42 
Deciduous 
Forest 
(Uplands) 

-- -- 0.59 0.25 0.07 0.30 0.45 0.33 

Deciduous 
Forest 
(Wetlands) 

0.39 -- -- 0.25 -- 0.32 0.45 0.35 

Evergreen 
Forest 
(Uplands) 

-- -- 0.59 0.25 0.21 0.25 -- 0.33 

Grassland -- -- 0.59 0.25 -- -- -- 0.42 
Herbaceous 
Wetlands 0.00 -- -- -- -- 0.05 0.45 0.17 

Lacustrine 0.20 0.05 -- -- -- -- -- 0.13 
Riverine 0.00 0.01 -- -- -- -- 0.45 0.15 

HEP Cover 
Type  

HEP Evaluation Species 
Average HSI 

Values Beaver Belted 
Kingfisher 

Eastern 
Cottontail 

Eastern 
Wild 
Turkey 

Pine 
Warbler Raccoon Wood 

Duck 

Deciduous 
Forest 
(Uplands) 

-- -- 0.91 0.50 0.15 0.36 0.47 0.48 

Deciduous 
Forest 
(Wetlands) 

0.42 -- -- 0.50 -- 0.56 0.47 0.49 

Evergreen 
Forest 
(Uplands) 

-- -- 0.91 0.50 0.38 0.28 -- 0.52 
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Table 5.  cont. 

 

2.5 Baseline Habitat Units 
Baseline HUs were calculated for each cover type within the Applicant’s proposed alternative  and the 
Applicant’s proposed mitigation property  by multiplying the average cover type HSI values by the 
cover type acreage.  Table 6 displays the HUs for the Applicant’s proposed alternative and Table 7 
displays the HUs for the Applicant’s proposed mitigation property.  Total baseline HUs within the 
Applicant’s proposed alternative were calculated to be 384.32 while total baseline HUs within the 
Applicant’s proposed mitigation property were calculated to be 1,413.64.   

 

HEP Cover 
Type 

HEP Evaluation Species 
Average HSI 

Values Beaver Belted 
Kingfisher 

Eastern 
Cottontail 

Eastern 
Wild 
Turkey 

Pine 
Warbler Raccoon Wood 

Duck 

Grassland -- -- 0.91 0.50 -- -- -- 0.71 
Herbaceous 
Wetlands 0.00 -- -- -- -- 0.15 0.47 0.21 

Table 6.  Baseline Habitat Units by Cover Type within the Proposed Alternative 

HEP Cover Type Average HSI Value Area 
(acres) 

Habitat Units 
(HUs) 

Cropland 0.42 253 106.26 
Deciduous Forest (Uplands) 0.33 293 96.69 
Deciduous Forest (Wetlands) 0.35 27 9.45 
Evergreen Forest (Uplands) 0.33 282 93.06 
Grassland 0.42 181 76.02 
Herbaceous Wetlands 0.17 12 2.04 
Lacustrine 0.13 5 0.65 
Riverine 0.15 1 0.15 
Total Habitat Units 384.32 

Table 7.  Baseline Habitat Units by Cover Type within the Proposed Mitigation Property 

HEP Cover Type Average HSI Value Area 
(Acres) 

Habitat Units 
(HUs) 

Deciduous Forest (Uplands) 0.48 593 284.64 
Deciduous Forest (Wetlands) 0.49 735 360.15 
Evergreen Forest (Uplands) 0.52 1,330 691.60 
Grassland 0.21 307 64.47 
Herbaceous Wetlands 0.71 18 12.78 
Total Habitat Units 1,413.64 



Habitat Evaluation Procedure 3-13 January 2012 

3.0 Habitat Evaluation Procedure Results 

• To determine the long term habitat value for the Applicant’s proposed alternative and the 
Applicant’s proposed mitigation property, HUs available to each species were projected for 
several project milestones, or target years, over a 50-year period of analysis including baseline 
data (target year 0; Y0).  Datasheets calculating the projected HSI for each species are included 
in Appendix C.3 and C.4.  Datasheets calculating projected HSI values are included in 
Appendix C.5 and C.6.  Estimates of future HUs were calculated for a “no action” and “with 
project” alternatives.  Habitat availability for each species under each alternative for the period of 
analysis was determined by dividing by the life of the project by the total HUs, to calculate 
Average Annual Habitat Units (AAHUs).  AAHU values created a common metric to allow 
impacts and compensation to be quantified and compared.   

• Habitat values associated with the no action alternatives were assumed to remain constant 
throughout the 50-year period of analysis.  Therefore, AAHUs for the no action scenario were 
equal to baseline HUs. Habitat values for the “with project” or action alternatives are expected to 
change during the implementation of the project throughout the period of analysis.  Assumptions 
associated with predicting future habitat values of with project or the action alternatives for the 
Applicant’s proposed alternative and the Applicant’s proposed mitigation property are outlined in 
sections 3.1.1 and 3.2.1, respectively.  

3.1 Period of Analysis 
A 50-year period of analysis was used to calculate the AAHUs for the with project and no action 
alternatives developed for the Applicant’s proposed action alternative and the Applicant’s proposed 
mitigation property.  

3.2 Applicant’s Proposed Action Alternative Impact Analysis 
3.2.1 Assumptions 

Construction on the Applicant’s proposed action alternative will convert all cover types present at the 
baseline year (Y0) to Riverine and maintained Grassland.  Habitat within the Applicant’s proposed 
action alternative would consist of 351 acres of Riverine cover type and 703 acres of Grassland cover 
type.  All distributed earth within the Applicant’s proposed alternative would be converted into 
maintained Grassland through seeding and sodding activity.  The construction project is projected to 
begin in 2017 (Y5).  Habitat impact is assumed to be 0% at the beginning of Y5.  Construction is 
scheduled to be complete in 2019 (Y7).  Impact is assumed to be 100% at the end of construction.  It 
is assumed the Grasslands cover type will have reached ten percent establishment two years 
following project completion (Y9), and one hundred percent vegetation establishment of the Grassland 
cover type would occur three years after project completion (Y10).  

The no action scenario for the Applicant’s proposed alternative assumes that baseline values for cover 
types and acreages will remain constant throughout the 50-year period of analysis.  Therefore, AAHUs 
for the no action scenario are equivalent to baseline HUs.  

3.2.2 Results 

Applicant’s proposed alternative AAHUs were calculated to be 384.45 for the no action alternative and 
190.96 for the with project alternative.  The resulting net loss in AAHUs resulting from construction of 
the project within the Applicant’s proposed alternative would be 193.51.  Table 8 displays AAHUs by 
cover type.  Calculations of AAHUs for each cover type for each alternative are located in 
Appendix C.6.   
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Proposed Alternative With Project AAHU No Action AAHU 
Cropland 8.35 106.26 

Deciduous Forest (Uplands) 10.64 96.69 

Deciduous Forest (Wetlands) 1.04 9.45 

Evergreen Forest (Uplands) 10.24 93.06 

Grasslands 159.51 76.02 

Herbaceous Wetlands 0.22 2.04 

Lacustrine 0.07 0.65 

Riverine 0.89 0.28 

Total AAHUs 190.96 384.45 

3.3 Proposed Mitigation Property Compensation Analysis 
3.3.1 Assumptions 

The with project alternative on the Applicant’s proposed mitigation property consists of the cessation of 
grazing and ranching activities.  In 2010, grazing and ranching activity were halted within the 
Herbaceous Wetland cover type surrounding Gillen Bayou, which has been historically subject to 
grazing and ranching activities by previous landowners.  It is assumed that the 307 acres of 
Herbaceous Wetland cover type will transition to Deciduous Forest (Wetland), with scrub-shrub 
vegetative communities by target year 15 (Y15) and full transition to a forested community by target 
year 50 (Y50).  Transition of Herbaceous Wetland to Deciduous Forest (Wetland) will result in 
1,142 total acres of Deciduous Forest (Wetland) cover type on the Applicant’s proposed mitigation 
property.  Only HU values for Herbaceous Wetland and Deciduous Forest (Wetland) cover types are 
expected to change as a result of mitigation activities.  Habitat values for all other cover types were 
assumed to remain constant for the 50-year life of the period of analysis.  

The no action alternative for the Applicant’s proposed mitigation property assumes that baseline 
values for cover types and acreages will remain constant throughout the 50-year period of analysis.  
Therefore, AAHUs for the no action alternative are equivalent to baseline HUs.  Table 9 displays 
AAHUs by cover type.   

3.3.2 Results 

Applicant’s proposed mitigation property AAHUs were calculated to be 1,413.64 for the no action 
alternative and 1,466.93 for the with project scenario, resulting in a 53.29 net gain in AAHUs.  

Table 9.  Average Annual Habitat Units by Cover Type within the Proposed Mitigation Property 

Proposed Mitigation Property With Project AAHU No Action AAHU 
Deciduous Forest (Uplands) 283.45 284.64 
Deciduous Forest (Wetlands) 470.43 360.15 
Evergreen Forest (Uplands) 690.84 691.60 
Grasslands 12.69 12.78 
Herbaceous Wetlands 9.52 64.47 

Total AAHUs 1,466.93 1,413.64 

Table 8.  Average Annual Habitat Units by Cover Type within the Proposed Alternative 
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3.4 Net Habitat Benefits of the Overall Project 
Over the 50-year period of analysis, the Applicant’s no action alternative would yield 384.45 AAHUs 
and the Applicant’s proposed alternative would yield 190.96 AAHUs.  A net loss of 193.51 AAHUs 
(50%) would result from construction of the preferred alternative.  The habitat types that would be 
removed from the preferred alignment ROW include cropland, deciduous forest (uplands), deciduous 
forest (wetlands), evergreen forest (uplands), herbaceous wetlands, and lacustrine.  Following 
construction of the preferred alignment, habitat within the project footprint would be comprised of 
maintained grassland and riverine habitat types.  The maintained grassland habitat type would provide 
edge habitat for various species of mammals and birds as well as foraging habitat for a variety of 
predatory bird species.  The riverine habitat type would provide foraging habitat for wading birds in 
addition to providing a source of fresh water to numerous species of birds and mammals.  Aquatic and 
semi-aquatic species of fish and herpetofauna would benefit from the net increase in riverine habitat. 

Over the 50-year period of analysis, the no action alternative of the Applicant’s proposed mitigation 
property would yield 1,413.64 AAHUs and the “with project” alternative would yield 1,466.93 AAHUs.  
A net gain of 53.29 AAHUs (4%) would result from implementation of the Applicant’s proposed 
alternative.  The Applicant’s proposed mitigation property would be preserved in perpetuity through the 
establishment of a conservation easement that would remove the threat of development and 
silvicultural activities from occurring.  The existing quality of habitat on the Applicant’s proposed 
mitigation property would be preserved and would increase over time.  The four percent increase in 
AAHUs over the period of analysis was realized due to the natural succession of the herbaceous 
wetlands habitat type.  Prior to purchase of the Applicant’s proposed mitigation property, cattle 
grazing, silviculture, and ranching activities within the herbaceous and forested wetland cover type 
prevented this area from natural succession and function.  With removal of grazing and ranching 
activities, the herbaceous wetland habitat type will naturally succeed over the period of analysis into a 
deciduous forest (wetlands) habitat type and provide increased cover for a variety of wildlife species. 

During the baseline year the net loss of AAHUs from the construction of the Applicant’s proposed 
alternative is approximately 28% greater than the net gain of AAHUs from the preservation of the 
Applicant’s proposed mitigation property; however, based on the 50-year period of analysis, the 
Applicant’s proposed mitigation property provides approximately eight times more AAHUs compared 
with the implementation of the Applicant’s proposed alternative over the same period of analysis.  At 
the end of the 50-year period of analysis, the Applicant’s proposed alternative  and the Applicant’s 
proposed mitigation property will have provided 1,657.89 AAHUs, which is significantly greater than 
the 384.45 HUs that the Applicant’s proposed alternative alone provides in its baseline condition.  
Based upon the results of this HEP analysis, preservation of the Applicant’s proposed mitigation 
property would provide compensation for impacts to existing habitat from the implementation of the 
Applicant’s proposed alternative.   
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Figure 11 : Preferred Alignment with Existing Cover Types (Panel 2)
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Figure 13 : Preferred Alignment with Existing Cover Types (Panel 3)
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Figure 14 : 2010 Aerial Photograph of Preferred Alignment (Panel 3)
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Figure 15 : Preferred Alignment with Existing Cover Types (Panel 4)
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Figure 16 : 2010 Aerial Photograph of Preferred Alignment (Panel 4)
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Figure 17 : Preferred Alignment with Existing Cover Types (Panel 5)
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Figure 18 : 2010 Aerial Photograph of Preferred Alignment (Panel 5)
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Figure 19 : Preferred Alignment with Existing Cover Types (Panel 6)
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Figure 20 : 2010 Aerial Photograph of Preferred Alignment (Panel 6)
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LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-1                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Deciduous Forest (Wetlands) – Mitigation Site 
Species: Eastern Wild Turkey, Beaver, Wood Duck, Raccoon 

Species 
Habitat 
Variable 
Number 

Habitat Variable 
Sample Site Number 

1 2 3 4 5 6 

Eastern 
Wild 

Turkey 

V1 % herbaceous canopy cover 50 18 74 45 10 55 
V2 average height of herbaceous canopy in summer (in) 18 6 5 6 18 12 
V3 Distance to forest or tree savanna cover type (ft) Not Applicable in  this cover type 
V4 Number of hard mast producing trees/ha that are > 10" 135 1 16 18 60 55 
V5 % canopy closure of soft mast producing trees 5 74 55 78 55 40 
V6 % shrub crown cover 23 41 21 12 10 55 V7 

V8 % shrub crown cover comprised of soft mast producing 
shrubs 8 100 100 100 8 55 

V9 Type of Crop: A) Corn/Soybeans, B) other grains, C) 
other crops Not Applicable in  this cover type 

V10 

Overwinter crop management: A) >5% crop 
unharvested, B) 1  to 5% of crop unharvested, C) crop 
harvested, spring plowed, D) crop harvested, fall 
plowed 

Not Applicable in  this cover type 

V11 % tree canopy cover 65 81 44 68 80 40 
V12 Average dbh of overstory trees (in) 22 10 13 11 4.5 12 
V13 % of forest canopy comprised of evergreens 0 0 0 0 0 10 

Beaver 

V1 % Tree Canopy Closure 65 81 42 74 80 45 

V2 % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size 
class 30 26 86 70 78 80 

V3 % shrub crown cover 23 41 26 12 10 55 
V4 Avg. height of shrub canopy 20 13 12 12 9 8 

V5 

Species comp. of woody vegetation (trees and/or 
shrubs): A) Woody veg. dominated by one or more of 
the following species: aspen; willow/ cottonwood; or 
alder, B) Woody veg. dominated by other deciduous 
species, C) Woody veg. dominated by coniferous 
species 

B B B B B B 

V6 % of Lacustrine surface dominated by yellow and/or 
white water lily Not Applicable in  this cover type 

V7 % Stream Gradient Not Applicable in  this cover type 

V8 

Avg. water fluctuation on annual basis: A) Small 
fluctuations that have no effect on burrow or lodge 
entrances, B) Moderate fluctuations that affect burrow 
or lodge entrances, C)Extreme fluctuations or water 
absent during part of year 

A B C A C C 

V9 Shoreline development factor Not Applicable in  this cover type 

Wood 
Duck 

V1 # of potentially suitable tree cavities per acre (minimum 
entrance dimensions of 3"x4" in live trees or snags) 15 1 1 1 2 0 

V2 # of nest boxes per acre (artificial wood duck nest sites 
that are predator proof and maintained) 0 0 0 0 0 0 

V3 (0.18 x V1) + (0.95 x V2) Not Applicable in  this cover type 

V4 

% water surface covered by potential brood cover 
(shrub cover and overhanging tree crowns within 3.3 ft 
of water surface, woody downfall, and herbaceous 
vegetation) 

30 18 31 53 8 0 

V5 

% water surface covered by potential winter cover 
(same for V4 except that only winter persistent species 
should be considered in the herbaceous vegetation 
component) 

30 18 31 53 3 0 

Raccoon 

V1 Distance to water (mi.) 0.64 0.36 0.15 0.33 0.38 0.12 

V2 Water Regime: A) Permanent water,  B) Semi-
permanent water, C) No water or ephemeral flooding C A B A B C 

V3 
Overstory forest size class: A)Saplings (less than 15cm 
dbh), B) Pole timber (15 to 25 cm dbh), C) Saw timer 
(25 to 50 cm dbh), D) Mature trees (50+ cm dbh) 

D B B C C B 

V4 # refuge sites per 0.4 ha (#/acre) 25 21 14 23 4 16 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-2                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Deciduous Forest (Wetlands) - Preferred Alignment 
Species: Eastern Wild Turkey, Beaver, Wood Duck, Raccoon 

Species 
Habitat 
Variable 
Number 

Habitat Variable 
Sample Site Number 

31 32 33 34 35 36 

Eastern 
Wild 

Turkey 

V1 % herbaceous canopy cover 39 75 0 85 30 80 
V2 average height of herbaceous canopy in summer (in) 16 18 0 15 6 10 
V3 Distance to forest or tree savanna cover type (ft) Not Applicable in  this cover type 
V4 Number of hard mast producing trees/ha that are > 10" 15 37 0 23 21 43 
V5 % canopy closure of soft mast producing trees 80 30 1 18 20 15 
V6 % shrub crown cover 30 84 20 55 65 40 V7 

V8 % shrub crown cover comprised of soft mast producing 
shrubs 25 15 40 46 100 100 

V9 Type of Crop: A) Corn/Soybeans, B) other grains, C) other 
crops Not Applicable in  this cover type 

V10 
Overwinter crop management: A) >5% crop unharvested, B) 
1  to 5% of crop unharvested, C) crop harvested, spring 
plowed, D) crop harvested, fall plowed 

Not Applicable in  this cover type 

V11 % tree canopy cover 85 40 1 32 35 65 
V12 Average dbh of overstory trees (in) 6 10 6 14 12 9 
V13 % of forest canopy comprised of evergreens 0 0 0 34 0 60 

Beaver 

V1 % Tree Canopy Closure 85 40 1 32 35 65 
V2 % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class 93 75 100 35 25 30 
V3 % shrub crown cover 30 84 20 55 65 40 
V4 Avg. height of shrub canopy 12 20 7 5 9 10 

V5 

Species comp. of woody vegetation (trees and/or shrubs): A) 
Woody veg. dominated by one or more of the following 
species: aspen; willow/ cottonwood; or alder, B) Woody veg. 
dominated by other deciduous species, C) Woody veg. 
dominated by coniferous species 

B B B B B B 

V6 % of Lacustrine surface dominated by yellow and/or white 
water lily Not Applicable in  this cover type 

V7 % Stream Gradient Not Applicable in  this cover type 

V8 

Avg. water fluctuation on annual basis: A) Small fluctuations 
that have no effect on burrow or lodge entrances, B) 
Moderate fluctuations that affect burrow or lodge entrances, 
C)Extreme fluctuations or water absent during part of year 

A B A C C C 

V9 Shoreline development factor Not Applicable in  this cover type 

Wood 
Duck 

V1 # of potentially suitable tree cavities per acre (minimum 
entrance dimensions of 3"x4" in live trees or snags) 6 2 0 2 1 0 

V2 # of nest boxes per acre (artificial wood duck nest sites that 
are predator proof and maintained) 0 0 0 0 0 0 

V3 (0.18 x V1) + (0.95 x V2) 1.08 0.36 0 0.36 0.18 0 

V4 
% water surface covered by potential brood cover (shrub 
cover and overhanging tree crowns within 3.3 ft of water 
surface, woody downfall, and herbaceous vegetation) 

40 70 8 33 45 60 

V5 
% water surface covered by potential winter cover (same for 
V4 except that only winter persistent species should be 
considered in the herbaceous vegetation component) 

40 80 0 0 0 0 

Raccoon 

V1 Distance to water (mi.) 0.38 0.4 0.01 0.46 0.14 0.01 

V2 Water Regime: A) Permanent water,  B) Semi-permanent 
water, C) No water or ephemeral flooding C B A C C C 

V3 
Overstory forest size class: A)Saplings (less than 15cm dbh), 
B) Pole timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm 
dbh), D) Mature trees (50+ cm dbh) 

A C A C B C 

V4 # refuge sites per 0.4 ha (#/acre) 6 5 0 7 2 3 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-3                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

 

Cover Type: Deciduous Forest (Uplands) - Mitigation Site 
Species: Eastern Wild Turkey, Eastern Cottontail, Wood Duck, Pine Warbler, Raccoon 

Species Habitat 
Variable Habitat Variable Sample Site Number 

7 8 9 10 11 12 

Eastern Wild 
Turkey 

V1 % herbaceous canopy cover 0 36 80 64 70 60 
V2 average height of herbaceous canopy in summer (in) 0 10 7 12 8 15 
V3 Distance to forest or tree savanna cover type (ft) Not Applicable in this cover type 
V4 Number of hard mast producing trees/ha that are > 10" 35 74 124 16 78 34 
V5 % canopy closure of soft mast producing trees 15 6 8 30 12 23 
V6 % shrub crown cover 80 39 14 87 54 30 V7 
V8 % shrub crown cover comprised of soft mast producing shrubs 65 4 100 84 100 100 

V9 Type of Crop: A) Corn/Soybeans, B) other grains, C) other 
crops Not Applicable in this cover type 

V10 
Overwinter crop management: A) >5% crop unharvested, B) 1  
to 5% of crop unharvested, C) crop harvested, spring plowed, 
D) crop harvested, fall plowed 

Not Applicable in this cover type 

V11 % tree canopy cover 40 43 71 45 64 70 
V12 Average dbh of overstory trees (in) 18 24 14 18 14 11 
V13 % of forest canopy comprised of evergreens 0 39 8 10 35 22 

Eastern 
Cottontail 

V1 % shrub crown closure (% of ground surface that is shaded by 
a vertical projection of canopies of woody veg. less than 5 m tall 80 39 14 87 54 30 

V2 % tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall 40 43 71 45 64 70 

V3 % canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) 0 36 80 64 48 60 

V4 Diversity index (a measure of amount of cover type edge within 
the study site. Ratio of cover type edge to total area)       

Wood Duck 

V1 # of potentially suitable tree cavities per acre (minimum 
entrance dimensions of 3"x4" in live trees or snags) 3 6 0 6 1 1 

V2 # of nest boxes per acre (artificial wood duck nest sites that are 
predator proof and maintained) 0 0 0 0 0 0 

V3 (0.18 x V1) + (0.95 x V2) 0.54 1.08 0.00 1.08 0.18 0.18 

V4 
% water surface covered by potential brood cover (shrub cover 
and overhanging tree crowns within 3.3 ft of water surface, 
woody downfall, and herbaceous vegetation) 

9 65 0 20 0 20 

V5 
% water surface covered by potential winter cover (same for V4 
except that only winter persistent species should be considered 
in the herbaceous vegetation component) 

0 48 0 20 0 10 

Pine Warbler 

V1 % tree canopy closure of overstory pines (excluding white, 
sand, or pond pines) 0 39 8 10 0 12 

V2 Successional stage of stand: A) pole or sapling, B) Young, C) 
Mature or old growth A C B B A B 

V3 % of dominant canopy pines with deciduous understory in the 
upper one-third layer 0 75 1 50 0 5 

Raccoon 

V1 Distance to water (mi.) 0.30 0.28 0.85 0.14 0.24 0.31 

V2 Water Regime: A) Permanent water,  B) Semi-permanent 
water, C) No water or ephemeral flooding B C C C C C 

V3 
Overstory forest size class: A)Saplings (less than 15cm dbh), B) 
Pole timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), 
D) Mature trees (50+ cm dbh) 

C D C C C C 

V4 # refuge sites per 0.4 ha (#/acre) 2 6 40 10 38 28 

 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-4                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

 

Cover Type: Deciduous Forest (Uplands) - Preferred Alignment 
Species: Eastern Wild Turkey, Eastern Cottontail, Wood Duck, Pine Warbler, Raccoon 

Species Habitat 
Variable Habitat Variable Sample Site Number 

37 38 39 40 41 42 

Eastern 
Wild Turkey 

V1 % herbaceous canopy cover 55 8 8 22 8 60 
V2 average height of herbaceous canopy in summer (in) 16 12 10 36 7 6 
V3 Distance to forest or tree savanna cover type (ft) Not Applicable in this cover type 
V4 Number of hard mast producing trees/ha that are > 10" 320 25 84 62 0 21 
V5 % canopy closure of soft mast producing trees 5 5 12 20 73 5 
V6 % shrub crown cover 27 85 87 42 21 38 V7 

V8 % shrub crown cover comprised of soft mast producing 
shrubs 5 75 68 62 100 100 

V9 Type of Crop: A) Corn/Soybeans, B) other grains, C) other 
crops Not Applicable in this cover type 

V10 
Overwinter crop management: A) >5% crop unharvested, B) 1  
to 5% of crop unharvested, C) crop harvested, spring plowed, 
D) crop harvested, fall plowed 

Not Applicable in this cover type 

V11 % tree canopy cover 90 50 78 64 73 45 
V12 Average dbh of overstory trees (in) 12 13 12 8 6 10 
V13 % of forest canopy comprised of evergreens 0 19 0 60 78 40 

Eastern 
Cottontail 

V1 
% shrub crown closure (% of ground surface that is shaded by 
a vertical projection of canopies of woody veg. less than 5 m 
tall 

27 85 87 42 21 38 

V2 % tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall 90 50 78 64 73 45 

V3 % canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) 55 8 8 22 8 60 

V4 Diversity index (a measure of amount of cover type edge 
within the study site. Ratio of cover type edge to total area) Office Task - No Data Taken in Field 

Wood Duck 

V1 # of potentially suitable tree cavities per acre (minimum 
entrance dimensions of 3"x4" in live trees or snags) 8 4 1 2 0 0 

V2 # of nest boxes per acre (artificial wood duck nest sites that 
are predator proof and maintained) 0 0 0 0 0 0 

V3 (0.18 x V1) + (0.95 x V2) 1.44 0.72 0.18 0.36 0.00 0.00 

V4 
% water surface covered by potential brood cover (shrub 
cover and overhanging tree crowns within 3.3 ft of water 
surface, woody downfall, and herbaceous vegetation) 

5 39 82 18 28 30 

V5 
% water surface covered by potential winter cover (same for 
V4 except that only winter persistent species should be 
considered in the herbaceous vegetation component) 

5 39 80 15 28 30 

Pine 
Warbler 

V1 % tree canopy closure of overstory pines (excluding white, 
sand, or pond pines) 0 19 0 0 0 0 

V2 Successional stage of stand: A) pole or sapling, B) Young, C) 
Mature or old growth C B B A A B 

V3 % of dominant canopy pines with deciduous understory in the 
upper one-third layer 0 80 0 0 3 0 

Raccoon 

V1 Distance to water (mi.) 0.14 0.76 0.06 0.75 0.02 0.13 

V2 Water Regime: A) Permanent water,  B) Semi-permanent 
water, C) No water or ephemeral flooding C C C C C C 

V3 
Overstory forest size class: A)Saplings (less than 15cm dbh), 
B) Pole timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm 
dbh), D) Mature trees (50+ cm dbh) 

C C C C B B 

V4 # refuge sites per 0.4 ha (#/acre) 2 4 28 7 1 6 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-5                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Evergreen Forest (Uplands) - Mitigation Site 
Species: Eastern Wild Turkey, Eastern Cottontail, Pine Warbler, Raccoon 

Species Habitat 
Variable Habitat Variable Sample Site Number 

13 14 15 16 17 18 

Eastern Wild 
Turkey 

V1 % herbaceous canopy cover 0 2 30 15 0 1 
V2 average height of herbaceous canopy in summer (in) 0 10 10 12 0 6 
V3 Distance to forest or tree savanna cover type (ft) Not Applicable in this cover type 
V4 Number of hard mast producing trees/ha that are > 10" 16 125 33 4 0 6 
V5 % canopy closure of soft mast producing trees 4 7 6 0 0 85 
V6 % shrub crown cover 50 70 58 70 30 2 V7 
V8 % shrub crown cover comprised of soft mast producing shrubs 8 5 5 4 25 100 
V9 Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops Not Applicable in this cover type 

V10 
Overwinter crop management: A) >5% crop unharvested, B) 1  
to 5% of crop unharvested, C) crop harvested, spring plowed, D) 
crop harvested, fall plowed 

Not Applicable in this cover type 

V11 % tree canopy cover 77 72 75 90 95 80 
V12 Average dbh of overstory trees (in) 12 21 14 10 5 5 
V13 % of forest canopy comprised of evergreens 70 0 90 100 100 90 

Eastern 
Cottontail 

V1 % shrub crown closure (% of ground surface that is shaded by a 
vertical projection of canopies of woody veg. less than 5 m tall 50 70 58 70 30 21 

V2 % tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall 77 72 75 90 95 80 

V3 % canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) 0 2 30 15 0 1 

V4 Diversity index (a measure of amount of cover type edge within 
the study site. Ratio of cover type edge to total area…)       

Pine Warbler 

V1 % tree canopy closure of overstory pines (excluding white, sand, 
or pond pines) 70 0 90 100 100 80 

V2 Successional stage of stand: A) pole or sapling, B) Young, C) 
Mature or old growth B C B B A B 

V3 % of dominant canopy pines with deciduous understory in the 
upper one-third layer 17 0 43 29 23 2 

Raccoon 

V1 Distance to water (mi.) 0.29 0.23 0.86 0.59 0.17 0.31 

V2 Water Regime: A) Permanent water,  B) Semi-permanent water, 
C) No water or ephemeral flooding C C C C C C 

V3 
Overstory forest size class: A)Saplings (less than 15cm dbh), B) 
Pole timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), 
D) Mature trees (50+ cm dbh) 

C D C B A B 

V4 # refuge sites per 0.4 ha (#/acre) 1 11 10 1 1 3 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-6                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Evergreen Forest (Uplands) - Preferred Alignment 
Species: Eastern Wild Turkey, Eastern Cottontail, Pine Warbler, Raccoon 

Species Habitat 
Variable Habitat Variable Sample Site Number 

43 44 45 46 47 48 

Eastern Wild 
Turkey 

V1 % herbaceous canopy cover 9 4 1 82 4 6 
V2 average height of herbaceous canopy in summer (in) 16 7 6 42 5 7 
V3 Distance to forest or tree savanna cover type (ft) Not Applicable in this cover type 
V4 Number of hard mast producing trees/ha that are > 10" 11 3 2 0 3 5 
V5 % canopy closure of soft mast producing trees 7 86 84 15 80 75 
V6 % shrub crown cover 65 9 28 3 24 8 V7 
V8 % shrub crown cover comprised of soft mast producing shrubs 29 100 100 100 80 100 
V9 Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops Not Applicable in this cover type 

V10 
Overwinter crop management: A) >5% crop unharvested, B) 1  
to 5% of crop unharvested, C) crop harvested, spring plowed, D) 
crop harvested, fall plowed 

Not Applicable in this cover type 

V11 % tree canopy cover 83 86 84 15 87 85 
V12 Average dbh of overstory trees (in) 16 5 5 16 7 5 
V13 % of forest canopy comprised of evergreens 93 74 100 100 95 95 

Eastern 
Cottontail 

V1 % shrub crown closure (% of ground surface that is shaded by a 
vertical projection of canopies of woody veg. less than 5 m tall 65 91 28 3 24 8 

V2 % tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall 83 86 84 15 87 85 

V3 % canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) 9 4 1 82 4 6 

V4 Diversity index (a measure of amount of cover type edge within 
the study site. Ratio of cover type edge to total area) Office Task - No Data Taken in Field 

Pine Warbler 

V1 % tree canopy closure of overstory pines (excluding white, sand, 
or pond pines) 93 83 84 15 80 75 

V2 Successional stage of stand: A) pole or sapling, B) Young, C) 
Mature or old growth C A A C A A 

V3 % of dominant canopy pines with deciduous understory in the 
upper one-third layer 20 2 0 0 2 0 

Raccoon 

V1 Distance to water (mi.) 0.08 0.1 0.41 1.08 0.57 0.5 

V2 Water Regime: A) Permanent water,  B) Semi-permanent water, 
C) No water or ephemeral flooding C C C C C C 

V3 
Overstory forest size class: A)Saplings (less than 15cm dbh), B) 
Pole timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), 
D) Mature trees (50+ cm dbh) 

C B B C B B 

V4 # refuge sites per 0.4 ha (#/acre) 0 0 1 0 0 1 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-7                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Herbaceous Wetlands - Mitigation Site 
Species: Beaver, Wood Duck, Raccoon 

Species 
Habitat 
Variable 
Number 

Habitat Variable 
Sample Site Number 

19 20 21 22 23 24 

Beaver 

V1 % Tree Canopy Closure 0 0 1 0 0 2 
V2 % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class 0 0 100 0 0 100 
V3 % shrub crown cover 2 2 2 4 2 1 
V4 Avg. height of shrub canopy 7 6 6 7 7 7 

V5 

Species comp. of woody vegetation (trees and/or 
shrubs): A) Woody veg. dominated by one or more of the 
following species: aspen; willow/ cottonwood; or alder, B) 
Woody veg. dominated by other deciduous species, C) 
Woody veg. dominated by coniferous species 

B B B B B B 

V6 % of Lacustrine surface dominated by yellow and/or 
white water lily Not Applicable in  this cover type 

V7 % Stream Gradient Not Applicable in  this cover type 

V8 

Avg. water fluctuation on annual basis: A) Small 
fluctuations that have no effect on burrow or lodge 
entrances, B) Moderate fluctuations that affect burrow or 
lodge entrances, C)Extreme fluctuations or water absent 
during part of year 

C C C C C C 

V9 Shoreline development factor Not Applicable in  this cover type 

Wood 
Duck 

V1 # of potentially suitable tree cavities per acre (minimum 
entrance dimensions of 3"x4" in live trees or snags) 0 0 1 0 0 1 

V2 # of nest boxes per acre (artificial wood duck nest sites 
that are predator proof and maintained) 0 0 0 0 0 6 

V3 (0.18 x V1) + (0.95 x V2) 0.00 0.00 0.18 0.00 0.00 5.88 

V4 
% water surface covered by potential brood cover (shrub 
cover and overhanging tree crowns within 3.3 ft of water 
surface, woody downfall, and herbaceous vegetation) 

85 70 75 85 87 98 

V5 
% water surface covered by potential winter cover (same 
for V4 except that only winter persistent species should 
be considered in the herbaceous vegetation component) 

85 70 70 85 87 98 

Raccoon 

V1 Distance to water (mi.) 0.45 0.25 0.14 0.17 0.13 0.07 

V2 Water Regime: A) Permanent water,  B) Semi-permanent 
water, C) No water or ephemeral flooding C C C C C C 

V3 
Overstory forest size class: A)Saplings (less than 15cm 
dbh), B) Pole timber (15 to 25 cm dbh), C) Saw timer (25 
to 50 cm dbh), D) Mature trees (50+ cm dbh) 

A A C A A C 

V4 # refuge sites per 0.4 ha (#/acre) 0 0 2 0 0 2 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-8                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Herbaceous Wetlands - Preferred  Alignment 
Species: Beaver, Wood Duck, Raccoon 

Species 
Habitat 
Variable 
Number 

Habitat Variable 
Sample Site Number 

49 50 51 52 53 54 

Beaver 

V1 % Tree Canopy Closure 0 0 0 2 1 0 
V2 % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class 0 0 0 100 100 0 
V3 % shrub crown cover 0 0 35 40 65 62 
V4 Avg. height of shrub canopy 0 0 10 12 14 13 

V5 

Species comp. of woody vegetation (trees and/or shrubs): A) 
Woody veg. dominated by one or more of the following species: 
aspen; willow/ cottonwood; or alder, B) Woody veg. dominated by 
other deciduous species, C) Woody veg. dominated by coniferous 
species 

C C B B B B 

V6 % of Lacustrine surface dominated by yellow and/or white water 
lily Not Applicable in  this cover type 

V7 % Stream Gradient Not Applicable in  this cover type 

V8 

Avg. water fluctuation on annual basis: A) Small fluctuations that 
have no effect on burrow or lodge entrances, B) Moderate 
fluctuations that affect burrow or lodge entrances, C)Extreme 
fluctuations or water absent during part of year 

C C C C C C 

V9 Shoreline development factor Not Applicable in  this cover type 

Wood Duck 

V1 # of potentially suitable tree cavities per acre (minimum entrance 
dimensions of 3"x4" in live trees or snags) 0 0 0 0 0 0 

V2 # of nest boxes per acre (artificial wood duck nest sites that are 
predator proof and maintained) 0 0 0 0 0 0 

V3 (0.18 x V1) + (0.95 x V2) 0.00 0.00 0.00 0.00 0.00 0.00 

V4 
% water surface covered by potential brood cover (shrub cover 
and overhanging tree crowns within 3.3 ft of water surface, woody 
downfall, and herbaceous vegetation) 

0 0 28 44 54 60 

V5 
% water surface covered by potential winter cover (same for V4 
except that only winter persistent species should be considered in 
the herbaceous vegetation component) 

0 0 20 38 54 60 

Raccoon 

V1 Distance to water (mi.) 0.27 0.48 0.69 0.7 0.73 0.69 

V2 Water Regime: A) Permanent water,  B) Semi-permanent water, 
C) No water or ephemeral flooding C C C C C C 

V3 
Overstory forest size class: A)Saplings (less than 15cm dbh), B) 
Pole timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), D) 
Mature trees (50+ cm dbh) 

A A A A B B 

V4 # refuge sites per 0.4 ha (#/acre) 0 0 0 0 0 0 

 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-9                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Grassland - Mitigation Site 
Species: Eastern Wild Turkey, Eastern Cottontail 

Species 
Habitat 
Variable 
Number 

Habitat Variable 
Sample Site Number 

25 26 27 28 29 30 

Eastern Wild 
Turkey 

V1 % herbaceous canopy cover 98 93 100 100 100 99 
V2 average height of herbaceous canopy in summer (in) 6 12 36 36 36 36 
V3 Distance to forest or tree savanna cover type (ft) 50 50 125 100 125 80 
V4 Number of hard mast producing trees/ha that are > 10" 2 0 0 0 0 0 
V5 % canopy closure of soft mast producing trees 3 0 0 0 0 0 
V6 % shrub crown cover 0 0 1 10 6 0 V7 
V8 % shrub crown cover comprised of soft mast producing shrubs 0 0 0 0 3 0 
V9 Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops Not Applicable in  this cover type 

V10 
Overwinter crop management: A) >5% crop unharvested, B) 1  
to 5% of crop unharvested, C) crop harvested, spring plowed, D) 
crop harvested, fall plowed 

Not Applicable in  this cover type 

V11 % tree canopy cover 7 0 0 0 0 0 
V12 Average dbh of overstory trees (in) 12 0 0 0 0 0 
V13 % of forest canopy comprised of evergreens 20 0 0 0 0 0 

Eastern 
Cottontail 

V1 % shrub crown closure (% of ground surface that is shaded by a 
vertical projection of canopies of woody veg. less than 5 m tall 0 0 0 5 6 0 

V2 % tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall 25 0 0 0 0 0 

V3 % canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) 0 0 70 50 50 85 

V4 Diversity index (a measure of amount of cover type edge within 
the study site. Ratio of cover type edge to total area)  

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-10                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Grassland - Preferred Alternative 
Species: Eastern Wild Turkey, Eastern Cottontail 

Species 
Habitat 
Variable 
Number 

Habitat Variable 
Sample Site Number 

55 56 57 58 59 60 

Eastern Wild 
Turkey 

V1 % herbaceous canopy cover 100 100 10 100 100 85 
V2 average height of herbaceous canopy in summer (in) 3 12 6 8 4 5 
V3 Distance to forest or tree savanna cover type (ft) 1030 1891 220 340 120 380 
V4 Number of hard mast producing trees/ha that are > 10" 0 0 0 0 0 2 
V5 % canopy closure of soft mast producing trees 0 0 0 0 0 1 
V6 % shrub crown cover 0 0 2 0 0 0 V7 
V8 % shrub crown cover comprised of soft mast producing shrubs 0 0 0 0 0 0 
V9 Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops Not Applicable in  this cover type 

V10 
Overwinter crop management: A) >5% crop unharvested, B) 1  to 
5% of crop unharvested, C) crop harvested, spring plowed, D) 
crop harvested, fall plowed 

Not Applicable in  this cover type 

V11 % tree canopy cover 0 0 0 0 0 1 
V12 Average dbh of overstory trees (in) 0 0 0 0 0 10 
V13 % of forest canopy comprised of evergreens 0 0 0 0 0 0 

Eastern 
Cottontail 

V1 % shrub crown closure (% of ground surface that is shaded by a 
vertical projection of canopies of woody veg. less than 5 m tall 0 0 2 0 0 0 

V2 % tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall 0 0 0 0 0 1 

V3 % canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) 100 100 10 100 100 85 

V4 Diversity index (a measure of amount of cover type edge within 
the study site. Ratio of cover type edge to total area) Office Task - No data taken in Field 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-11                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Riverine - Preferred Alignment 
Species: Beaver, Wood Duck, Belted Kingfisher 

Species 
Habitat 
Variable 
Number 

Habitat Variable 
Sample Site Number 

61 62 63 64 65 66 

Beaver 

V1 % Tree Canopy Closure 0 0 0 0 0 0 
V2 % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class 0 0 0 0 0 0 
V3 % shrub crown cover 0 0 0 0 0 0 
V4 Avg. height of shrub canopy 0 0 0 0 0 0 

V5 

Species comp. of woody vegetation (trees and/or shrubs): A) Woody veg. 
dominated by one or more of the following species: aspen; willow/ 
cottonwood; or alder, B) Woody veg. dominated by other deciduous 
species, C) Woody veg. dominated by coniferous species 

C C C C C C 

V6 % of Lacustrine surface dominated by yellow and/or white water lily Not Applicable in  this cover type 
V7 % Stream Gradient 0.5 0.5 0.5 0.5 0.5 0.5 

V8 

Avg. water fluctuation on annual basis: A) Small fluctuations that have no 
effect on burrow or lodge entrances, B) Moderate fluctuations that affect 
burrow or lodge entrances, C)Extreme fluctuations or water absent during 
part of year 

A A A A A A 

V9 Shoreline development factor Not Applicable in  this cover type 

Wood Duck 

V1 # of potentially suitable tree cavities per acre (minimum entrance 
dimensions of 3"x4" in live trees or snags) 0 0 0 0 0 0 

V2 # of nest boxes per acre (artificial wood duck nest sites that are predator 
proof and maintained) 0 0 0 0 0 0 

V3 (0.18 x V1) + (0.95 x V2) 0 0 0 0 0 0 

V4 
% water surface covered by potential brood cover (shrub cover and 
overhanging tree crowns within 3.3 ft of water surface, woody downfall, 
and herbaceous vegetation) 

0 0 0 0 0 0 

V5 
% water surface covered by potential winter cover (same for V4 except 
that only winter persistent species should be considered in the 
herbaceous vegetation component) 

0 0 0 0 0 0 

Belted 
Kingfisher 

V1 % of shoreline that is subject to severe wave action (frequently or 
constantly subject to waves that deter foraging) Not Applicable in  this cover type 

V2 Avg. water transparency (secchi depth) 8 9 10 8 8 9 

V3 % water surface obstruction (% of surface in 15m zone from shore that is 
shaded/covered by vegetation and debris) 1 1 2 1 2 1 

V4 % of water area that is less than or equal to 60cm (24 in.) in depth in 15m 
zone from shore during spring 5 5 6 4 4 4 

V5 % riffles (% of stream length containing riffles) 0 0 0 0 0 0 

V6 Avg. number of lentic shoreline or stream subsections that contain one or 
more perches 1 2 1 0 0 0 

V7 Distance to nearest suitable soil bank from 1km sections of lentic 
shoreline or stream 0.01 0.01 0.01 0.01 0.01 0.01 

 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-12                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Lacustrine - Preferred Alignment 
Species: Beaver, Wood Duck, Belted Kingfisher 

Species 
Habitat 
Variable 
Number 

Habitat Variable 
Sample Site Number 

67 68 69 70 71 72 

Beaver 

V1 % Tree Canopy Closure 0 0 0 0 0 0 
V2 % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class 0 0 0 0 0 0 
V3 % shrub crown cover 10 10 10 10 10 10 
V4 Avg. height of shrub canopy 10 10 15 12 15 12 

V5 

Species comp. of woody vegetation (trees and/or shrubs): A) Woody 
veg. dominated by one or more of the following species: aspen; willow/ 
cottonwood; or alder, B) Woody veg. dominated by other deciduous 
species, C) Woody veg. dominated by coniferous species 

B B B B B B 

V6 % of Lacustrine surface dominated by yellow and/or white water lily 0 0 0 0 0 0 
V7 % Stream Gradient Not Applicable in  this cover type 

V8 

Avg. water fluctuation on annual basis: A) Small fluctuations that have no 
effect on burrow or lodge entrances, B) Moderate fluctuations that affect 
burrow or lodge entrances, C)Extreme fluctuations or water absent 
during part of year 

A A A A A A 

V9 Shoreline development factor 1.14 1.14 1.14 1.14 1.14 1.14 

Belted 
Kingfisher 

V1 % of shoreline that is subject to severe wave action (frequently or 
constantly subject to waves that deter foraging) 0 0 0 0 0 0 

V2 Avg. water transparency (secchi depth) 10 10 10 10 10 10 

V3 % water surface obstruction (% of surface in 15m zone from shore that is 
shaded/covered by vegetation and debris) 27 27 34 25 30 23 

V4 % of water area that is less than or equal to 60cm (24 in.) in depth in 
15m zone from shore during spring 20 20 40 35 45 47 

V5 % riffles (% of stream length containing riffles) Not Applicable in  this cover type 

V6 Avg. number of lentic shoreline or stream subsections that contain one or 
more perches 40 40 40 40 40 40 

V7 Distance to nearest suitable soil bank from 1km sections of lentic 
shoreline or stream 0.11 0.09 0.08 0.09 0.09 0.09 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT0 A-13                     JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Cropland - Preferred Alignment 
Species: Eastern Wild Turkey, Eastern Cottontail 

Species Habitat Variable Habitat Variable 
Sample Site Number 

73 74 75 76 77 78 

Eastern Wild 
Turkey 

V1 % herbaceous canopy cover 100 98 95 98 97 94 
V2 average height of herbaceous canopy in summer (in) 3 32 24 3 9 8 
V3 Distance to forest or tree savanna cover type (ft) 1500 122 110 120 450 1010 
V4 Number of hard mast producing trees/ha that are > 10" 0 0 0 0 0 0 
V5 % canopy closure of soft mast producing trees 0 0 0 0 0 0 
V6 

% shrub crown cover 0 0 0 0 2 0 V7 
V8 % shrub crown cover comprised of soft mast producing shrubs 0 0 0 0 100 0 
V9 Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops C B B C C C 

V10 
Overwinter crop management: A) >5% crop unharvested, B) 1  to 
5% of crop unharvested, C) crop harvested, spring plowed, D) 
crop harvested, fall plowed 

C B A A A A 

V11 % tree canopy cover 0 0 0 0 0 0 
V12 Average dbh of overstory trees (in) 0 0 0 0 0 0 
V13 % of forest canopy comprised of evergreens 0 0 0 0 0 0 

Eastern 
Cottontail 

V1 % shrub crown closure (% of ground surface that is shaded by a 
vertical projection of canopies of woody veg. less than 5 m tall 0 0 0 0 2 0 

V2 % tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall 0 0 0 0 0 0 

V3 % canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) 100 98 95 98 97 94 

V4 Diversity index (a measure of amount of cover type edge within 
the study site. Ratio of cover type edge to total area)  
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HABITAT EVALUATION PROCEDURE 

 

Preferred Alignment 

 
Facing north, this is a view of the Deciduous Forest Wetland cover type 
found in the Preferred Alignment.  
 

 
Facing south, this is a view of the Deciduous Forest Wetland cover type 
found in the Preferred Alignment. 
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Preferred Alignment 

 
Facing east, this is a view of the Deciduous Forest Upland cover type 
found in the Preferred Alignment. 

 

 
Facing west, this is a view of the Deciduous Forest Upland cover type 
found in the Preferred Alignment. 
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Preferred Alignment 

 
Looking east, this is a view of the Evergreen Forest Upland cover type 
found in the Preferred Alignment. 
 

 
Looking south, this is a view of the Evergreen Forest Upland cover type 
found in the Preferred Alignment. 
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Preferred Alignment 

 
Looking west, this is a view of the Herbaceous Wetland cover type 
found in the Preferred Alignment. 

 

 
Looking west, this is a view of the Herbaceous Wetland cover type 
found in the Preferred Alignment. 
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Preferred Alignment 

 
Looking west, this is a view of the Grassland cover type found in the 
Preferred Alignment. 
 
 

 
Looking west, this is a view of the Grassland cover type found in the 
Preferred Alignment. 
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Preferred Alignment 

 
Looking southeast, this is a view of the Riverine cover type (the Trinity 
River) found in the Preferred Alignment. 

 

 
Looking north, this is a view of the Riverine cover type (the Trinity River) 
found in the Preferred Alignment. 
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Preferred Alignment 

 
Looking south, this is a view of the Lacustrine cover type found in the 
Preferred Alignment. 

 

 
Looking south, this is a view of the Lacustrine cover type found in the 
Preferred Alignment. 
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Preferred Alignment 

 
Looking south, this is a view of the Cropland cover type found in the 
Preferred Alignment. 

 

 
Looking west, this is a view of the Cropland cover type found in the 
Preferred Alignment. 
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Mitigation Site 

 
Looking east, this is a view of the Deciduous Forest Wetland cover type 
found in the mitigation site.  

 

 
Looking north, this is a view of the Deciduous Forest Wetland cover type 
found in the mitigation site. 
 



 
 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT B-10 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Mitigation Site 

 
Looking east, this is a view of the Deciduous Forest Upland cover type 
found in the mitigation site. 
 

 
Looking south, this is a view of the Deciduous Forest Upland cover type 
found in the mitigation site. 
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Mitigation Site 

 
Looking west, this is a view of the Evergreen Forest Upland cover type 
found in the mitigation site.  
 

 
Looking west, this is a view of the Evergreen Forest Upland cover type 
found in the mitigation site. 
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Mitigation Site 

 
Looking south, this is a view of the Herbaceous Wetland cover type 
found in the mitigation site. 

 

 
Looking north, this is a view of the Herbaceous Wetland cover type 
found in the mitigation site. 
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Mitigation Site 

 
Looking east, this is a view of the Grassland cover type found in the 
mitigation site. 

 

 
Looking west, this is a view of the Grassland cover type found in the 
mitigation site. 
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LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-1      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Deciduous Forest (Wetlands) – Mitigation Site            
 Species: Eastern Wild Turkey, Beaver, Wood Duck, Raccoon  
 

Variable Area / Site number 
 1 2 3 4 5 6 
 Eastern Wild Turkey 
 Variable Name # Value Value Value Value Value Value  

% herbaceous canopy cover V1 50 18 74 45 10 55  average height of herbaceous canopy in summer (in) V2 18 6 5 6 18 12  Distance to forest or tree savanna cover type (ft) V3        Number of hard mast producing trees/ha that are > 10" V4 135 1 16 18 60 55  % canopy closure of soft mast producing trees V5 5 74 55 78 55 40  
% shrub crown cover V6 23 41 21 12 10 55  V7  
% shrub crown cover comprised of soft mast producing shrubs V8 8 100 100 100 8 55  Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops V9        
Overwinter crop management: A) >5% crop unharvested, B) 1  to 5% 
of crop unharvested, C) crop harvested, spring plowed, D) crop 
harvested, fall plowed 

V10        

% tree canopy cover V11 65 81 44 68 80 40  
Average dbh of overstory trees (in) V12 22 10 13 11 4.5 12  % of forest canopy comprised of evergreens V13 0 0 0 0 0 10  

Deciduous Forest (Wetlands) Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  
  
  
  
  
  
  

SI1 0.85 0.00 1.00 0.70 0.00 1.00  SI2 0.95 0.25 0.20 0.25 0.95 0.55  SI3        SI4 0.45 0.00 0.03 0.05 0.10 0.13  
SI5 0.10 1.00 1.00 1.00 1.00 1.00  SI6 1.00 1.00 1.00 0.50 0.40 1.00  
SI7 1.00 1.00 1.00 1.00 1.00 0.80  SI8 0.45 1.00 1.00 1.00 0.45 0.73  
SI9        SI10        

SI11 1.00 1.00 0.90 1.00 1.00 0.75  SI12 1.00 0.75 1.00 0.90 0.10 1.00  SI13 1.00 1.00 1.00 1.00 1.00 1.00 Average 
Summer Food/Brood Value = (SI1 x SI2)1/2  0.90 0.00 0.45 0.42 0.00 0.74 0.42 

Fall/Winter/Spring Food Value                                                   
                  = (([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7  0.50 1.00 1.01 0.78 0.64 0.74 0.78 

Cover Value = SI11 x SI12 X SI13  1.00 0.75 0.90 0.90 0.10 0.75 0.73 

 
HSI=            See Eastern Wild Turkey Multi-Cover Type Worksheet   0.50 

                  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-2      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Deciduous Forest (Wetlands) – Mitigation Site            
 Species: Eastern Wild Turkey, Beaver, Wood Duck, Raccoon  
 

Variable Area / Site number 
 1 2 3 4 5 6 
 Beaver                 

Variable Name # Value Value Value Value Value Value   
% Tree Canopy Closure V1 65 81 42 74 80 45   
% of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class V2 30 26 86 70 78 80   
% shrub crown cover V3 23 41 26 12 10 55   
Avg. height of shrub canopy V4 20 13 12 12 9 8   
Species comp. of woody vegetation (trees and/or shrubs): A) Woody 
veg. dominated by one or more of the following species: aspen; willow/ 
cottonwood; or alder, B) Woody veg. dominated by other deciduous 
species, C) Woody veg. dominated by coniferous species 

V5 B B B B B B 

  
% of Lacustrine surface dominated by yellow and/or white water lily V6         
% Stream Gradient V7         
Avg. water fluctuation on annual basis: A) Small fluctuations that have 
no effect on burrow or lodge entrances, B) Moderate fluctuations that 
affect burrow or lodge entrances, C)Extreme fluctuations or water 
absent during part of year 

V8 A B C A C C 

  
Shoreline development factor V9         

Deciduous Forest (Wetlands) Model  SI SI SI SI SI SI   

  
  
  
  
  
  
  
  
  

SI1 0.95 0.75 1.00 0.80 0.75 1.00   
SI2 0.45 0.40 0.85 0.75 0.83 0.85   
SI3 0.70 1.00 0.70 0.40 0.40 1.00   
SI4 1.00 1.00 1.00 1.00 1.00 1.00   
SI5 0.60 0.60 0.60 0.60 0.60 0.60 

 SI6         
SI7         
SI8 1.00 0.50 0.00 1.00 0.00 0.00   
SI9         

Woody Vegetation Value within wetland = a  1.33 1.35 1.45 1.30 1.30 1.52   
= [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2    

Woody Vegetation Value within 330 ft of water's edge = b 
 1.33 1.35 1.45 1.30 1.30 1.52   

= [(SI1 x SI2)1/2 x SI5]1/2 + [(SI3 x SI4)1/2 x SI5]1/2 
 Woody Vegetation Value from 330 ft to 660 ft = c 

 1.02 1.06 1.08 0.96 0.96 1.15  =0.5 x  [(SI1 x SI2)1/2 x SI5]1/2 + [(SI3 x SI4)1/2 x SI5]1/2 
 Winter Food   1.48 1.50 1.59 1.42 1.43 1.67  = (a + b + c)÷ 2.5   Water Value 

 1.00 0.50 0.00 1.00 0.00 0.00  =S18 Average 
Lowest Life Requisite Index  HSI= 1.00 0.50 0.00 1.00 0.00 0.00 0.42 

                  
Wood Duck               

 Variable Name # Value Value Value Value Value Value  
# of potentially suitable tree cavities per acre (minimum entrance 
dimensions of 3"x4" in live trees or snags) V1 15.00 1.00 1.00 1.00 2.00 0.00  
# of nest boxes per acre (artificial wood duck nest sites that are 
predator proof and maintained) V2 0.00 0.00 0.00 0.00 0.00 0.00  
(0.18 x V1) + (0.95 x V2) V3 2.70 0.18 0.18 0.18 0.36 0.00  % water surface covered by potential brood cover (shrub cover and 
overhanging tree crowns within 3.3 ft of water surface, woody 
downfall, and herbaceous vegetation) 

V4 30.00 18.00 31.00 53.00 8.00 0.00  

% water surface covered by potential winter cover (same for V4 except 
that only winter persistent species should be considered in the 
herbaceous vegetation component) 

V5 30.00 18.00 31.00 53.00 3.00 0.00  

Deciduous Forest (Wetlands) Model  SI SI SI SI SI SI Average 
Nesting Value SI3 0.50 0.05 0.05 0.05 0.15 0.00 0.13 

Brooding Value SI4 0.60 0.40 0.60 1.00 0.20 0.00 0.47 
Winter Cover Value SI5 0.60 0.40 0.60 1.00 0.20 0.00 0.47 

  HSI= See Wood Duck Multi-cover Type Worksheet 0.47 
                  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-3      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Deciduous Forest (Wetlands) – Mitigation Site            
 Species: Eastern Wild Turkey, Beaver, Wood Duck, Raccoon  
 

Variable Area / Site number 
 1 2 3 4 5 6 
 Raccoon               
 Variable Name # Value Value Value Value Value Value  

Distance to water (mi.) V1 0.64 0.36 0.15 0.33 0.38 0.12  Water Regime: A) Permanent water,  B) Semi-permanent water, C) No 
water or ephemeral flooding V2 C A B A B C  
Overstory forest size class: A) Saplings (less than 15cm dbh), B) Pole 
timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), D) Mature 
trees (50+ cm dbh) 

V3 D B B C C B  

# refuge sites per 0.4 ha (#/acre) V4 25 21 14 23 4 16  Deciduous Forest (Wetlands) Model  SI SI SI SI SI SI  

 

SI1 0.85 0.93 0.98 0.95 0.93 0.98  SI2 0.10 1.00 0.50 1.00 0.50 0.10  
SI3 1.00 0.20 0.20 0.70 0.70 0.20  SI4 1.00 1.00 1.00 1.00 1.00 1.00  Winter Value = (SI1 x SI2)1/2  0.29 0.96 0.70 0.97 0.68 0.31  Cover Reproduction Value  

 1.00 0.60 0.60 0.85 0.85 0.60  
= (SI3 + SI4) ÷ 2 Average 

Lowest Life Requisite Value HSI= 0.29 0.60 0.60 0.85 0.68 0.31 0.56 
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HABITAT EVALUATION PROCEDURE 

 

Cover Type: Deciduous Forest (Wetlands) - Preferred Alignment           

 
Species: Eastern Wild Turkey, Beaver, Wood Duck, Raccoon  

Variable Area / Site number 
 31 32 33 34 35 36 
 Eastern Wild Turkey 
 Variable Name # Value Value Value Value Value Value  % herbaceous canopy cover V1 39 75 0 85 30 80  average height of herbaceous canopy in summer (in) V2 16 18 0 15 6 10  

Distance to forest or tree savanna cover type (ft) V3        Number of hard mast producing trees/ha that are > 10" V4 15 37 0 23 21 43  
% canopy closure of soft mast producing trees V5 80 30 1 18 20 15  
% shrub crown cover V6 30 84 20 55 65 40  

V7  % shrub crown cover comprised of soft mast producing 
shrubs V8 25 15 40 46 100 100  
Type of Crop: A) Corn/Soybeans, B) other grains, C) other 
crops V9        
Overwinter crop management: A) >5% crop unharvested, 
B) 1  to 5% of crop unharvested, C) crop harvested, spring 
plowed, D) crop harvested, fall plowed 

V10        

% tree canopy cover V11 85 40 1 32 35 65  Average dbh of overstory trees (in) V12 6 10 6 14 12 9  
% of forest canopy comprised of evergreens V13 0 0 0 34 0 60  Deciduous Forest (Wetlands) Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  
  
  
  
  
  
  

SI1 0.60 1.00 0.00 0.90 0.30 1.00  SI2 0.80 0.85 0.00 0.75 0.45 0.50  SI3        SI4 0.03 0.04 0.00 0.40 0.05 0.05  SI5 1.00 0.75 0.00 0.70 0.70 0.35  
SI6 1.00 1.00 1.00 1.00 1.00 1.00  SI7 1.00 0.00 1.00 0.85 0.50 1.00  
SI8 0.75 0.50 0.65 0.65 1.00 1.00  SI9        

SI10        SI11 1.00 0.75 0.00 0.50 0.50 1.00  SI12 0.20 0.75 0.20 1.00 1.00 0.60  SI13 1.00 1.00 1.00 0.95 1.00 0.60 Average 
Summer Food/Brood Value = (SI1 x SI2)1/2  0.69 0.92 0.00 0.82 0.37 0.71 0.59 

Fall/Winter/Spring Food Value                                                                    
= (([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7  0.89 0.00 0.33 0.74 0.44 0.70 0.52 

Cover Value = SI11 x SI12 X SI13  0.20 0.56 0.00 0.48 0.50 0.36 0.35 

 
HSI=                   See Eastern Wild Turkey Multi-Cover Type Worksheet  0.25 
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Cover Type: Deciduous Forest (Wetlands) - Preferred Alignment           

 
Species: Eastern Wild Turkey, Beaver, Wood Duck, Raccoon  

Variable Area / Site number 
 31 32 33 34 35 36 
 Beaver               
 Variable Name # Value Value Value Value Value Value 
 % Tree Canopy Closure V1 85 40 1 32 35 65 
 % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class V2 93 75 100 35 25 30 
 % shrub crown cover V3 30 84 20 55 65 40 
 Avg. height of shrub canopy V4 12 20 7 5 9 10 
 Species comp. of woody vegetation (trees and/or shrubs): 

A) Woody veg. dominated by one or more of the following 
species: aspen; willow/ cottonwood; or alder, B) Woody 
veg. dominated by other deciduous species, C) Woody veg. 
dominated by coniferous species 

V5 B B B B B B 

 % of Lacustrine surface dominated by yellow and/or 
white water lily V6       

 % Stream Gradient V7        Avg. water fluctuation on annual basis: A) Small 
fluctuations that have no effect on burrow or lodge 
entrances, B) Moderate fluctuations that affect burrow or 
lodge entrances, C)Extreme fluctuations or water absent 
during part of year 

V8 A B A C C C 

 Shoreline development factor V9        Deciduous Forest (Wetlands) Model  SI SI SI SI SI SI 
   

  
  
  
  
  
  
  

SI1 0.75 1.00 0.00 0.75 0.85 0.95 
 SI2 0.95 0.80 1.00 0.50 0.40 0.45  

SI3 0.80 0.88 0.60 1.00 0.98 1.00  SI4 1.00 1.00 1.00 1.00 1.00 1.00  
SI5 0.60 0.60 0.60 0.60 0.60 0.60  SI6        
SI7        SI8 1.00 0.50 1.00 0.00 0.00 0.00    SI9        

Woody Vegetation Value within wetland = a  1.44 1.48 0.68 1.38 1.36 1.40  = [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2   
Woody Vegetation Value within 330 ft of water's edge = b 

 1.44 1.48 0.68 1.38 1.36 1.40  = [(SI1 x SI2)1/2 x SI5]1/2 + [(SI3 x SI4)1/2 x SI5]1/2 
Woody Vegetation Value from 330 ft to 660 ft = c 

 1.09 1.12 0.68 1.08 1.07 1.09  =0.5 x  [(SI1 x SI2)1/2 x SI5]1/2 + [(SI3 x SI4)1/2 x SI5]1/2  
Winter Food  

 1.59 1.63 0.82 1.54 1.52 1.56  = (a + b + c)÷ 2.5  Water Value 
 1.00 0.50 1.00 0.00 0.00 0.00  

=S18 Average 
Lowest Life Requisite Index  HSI = 1.00 0.50 0.82 0.00 0.00 0.00 0.39 

                  
Wood Duck               

 Variable Name # Value Value Value Value Value Value  # of potentially suitable tree cavities per acre (minimum 
entrance dimensions of 3"x4" in live trees or snags) V1 6 2 0 2 1 0  
# of nest boxes per acre (artificial wood duck nest sites 
that are predator proof and maintained) V2 0 0 0 0 0 0  
(0.18 x V1) + (0.95 x V2) V3 1.08 0.36 0 0.36 0.18 0  % water surface covered by potential brood cover (shrub 
cover and overhanging tree crowns within 3.3 ft of water 
surface, woody downfall, and herbaceous vegetation) 

V4 40 70 8 33 45 60  

% water surface covered by potential winter cover (same 
for V4 except that only winter persistent species should be 
considered in the herbaceous vegetation component) 

V5 40 80 0 0 0 0  

Deciduous Forest (Wetlands) Model  SI SI SI SI SI SI Average 
Nesting Value SI3 0.20 0.05 0.00 0.05 0.00 0.00 0.05 

Brooding Value SI4 0.80 1.00 0.20 0.60 0.90 1.00 0.75 
Winter Cover Value SI5 0.80 0.60 0.00 0.00 0.00 0.00 0.23 

  HSI= See Wood Duck Multi-cover Type Worksheet 0.45 
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Cover Type: Deciduous Forest (Wetlands) - Preferred Alignment           

 
Species: Eastern Wild Turkey, Beaver, Wood Duck, Raccoon  

Variable Area / Site number 
 31 32 33 34 35 36 
 Raccoon               
 Variable Name # Value Value Value Value Value Value  Distance to water (mi.) V1 0.38 0.4 0.01 0.46 0.14 0.01  Water Regime: A) Permanent water,  B) Semi-permanent 

water, C) No water or ephemeral flooding V2 C B A C C C  
Overstory forest size class: A)Saplings (less than 15cm 
dbh), B) Pole timber (15 to 25 cm dbh), C) Saw timer (25 
to 50 cm dbh), D) Mature trees (50+ cm dbh) 

V3 A C A C B C  

# refuge sites per 0.4 ha (#/acre) V4 6 5 0 7 2 3  Deciduous Forest (Wetlands) Model  SI SI SI SI SI SI    SI1 0.93 0.93 1.00 0.90 0.98 1.00    SI2 0.10 0.50 1.00 0.10 0.10 0.10  
  SI3 0.10 0.70 0.00 0.70 0.20 0.70    SI4 1.00 1.00 0.00 1.00 0.60 0.90  

Winter Value = (SI1 x SI2)1/2  0.30 0.68 1.00 0.30 0.31 0.32 
 Cover Reproduction Value  

 0.55 0.85 0.00 0.85 0.40 0.80 = (SI3 + SI4) ÷ 2 Average 
Lowest Life Requisite Value HSI = 0.30 0.68 0.00 0.30 0.31 0.32 0.32 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-7      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Deciduous Forest (Uplands) – Mitigation Site            
 Species: Eastern Wild Turkey, Eastern Cottontail, Wood Duck, Pine Warbler, Raccoon  
 

Variable Area / Site number 
 7 8 9 10 11 12 
 Eastern Wild Turkey 
 Variable Name # Value Value Value Value Value Value  % herbaceous canopy cover V1 0 36 80 64 70 60  average height of herbaceous canopy in summer (in) V2 0 10 7 12 8 15  Distance to forest or tree savanna cover type (ft) V3        Number of hard mast producing trees/ha that are > 10" V4 35 74 124 16 78 34  

% canopy closure of soft mast producing trees V5 15 6 8 30 12 23  
% shrub crown cover V6 80 39 14 87 54 30  

V7  % shrub crown cover comprised of soft mast producing shrubs V8 65 4 100 84 100 100  
Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops V9        Overwinter crop management: A) >5% crop unharvested, B) 1  to 5% 
of crop unharvested, C) crop harvested, spring plowed, D) crop 
harvested, fall plowed 

V10        

% tree canopy cover V11 40 43 71 45 64 70  Average dbh of overstory trees (in) V12 18 24 14 18 14 11  
% of forest canopy comprised of evergreens V13 0 39 8 10 35 22  Deciduous Forest (Uplands) Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  
  
  
  
  
  
  

SI1 0.00 0.40 1.00 1.00 1.00 1.00  SI2 0.00 0.40 0.35 0.70 0.45 0.70  SI3        
SI4 0.10 0.25 0.30 0.05 0.25 0.08  SI5 0.35 0.10 0.20 0.75 0.25 0.60  
SI6 1.00 1.00 0.50 1.00 1.00 1.00  SI7 0.00 1.00 1.00 0.00 0.95 1.00  
SI8 0.80 0.40 1.00 0.90 1.00 1.00  SI9        

SI10        SI11 0.70 0.70 1.00 0.70 1.00 1.00  SI12 1.00 1.00 1.00 1.00 1.00 0.90  
SI13 1.00 0.88 0.00 1.00 1.00 1.00 Average 

Summer Food/Brood Value = (SI1 x SI2)1/2  0.00 0.40 0.59 0.84 0.67 0.84 0.56 
Fall/Winter/Spring Food Value                                                               

=(([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7  0.00 0.38 0.50 0.00 0.71 0.84 0.40 

Cover Value = SI11 x SI12 X SI13  0.70 0.61 0.00 0.70 1.00 0.90 0.65 

 
HSI=                See Eastern Wild Turkey Multi-Cover Type Worksheet  0.50 

                  
Eastern Cottontail               

 Variable Name # Value Value Value Value Value Value 
 % shrub crown closure (% of ground surface that is shaded by a 

vertical projection of canopies of woody veg. less than 5 m tall V1 80 39 14 87 54 30  
% tree canopy closure (% ground surface shaded by vertical projection 
of canopies of woody veg. greater than 5 m tall V2 40 43 71 45 64 70  
% canopy closure of persistent herbaceous veg. (% of ground surface 
shaded by vertical projection of all non-woody veg) V3 0 36 80 64 48 60  
Diversity index (a measure of amount of cover type edge within the 
study site. Ratio of cover type edge to total area…) V4        

Deciduous Forest (Uplands) Model  SI SI SI SI SI SI  
  SI1 0.75 1.00 0.70 0.70 0.95 1.00  
  SI2 1.00 1.00 0.65 1.00 0.75 0.65    SI3 0.00 0.20 0.48 0.40 0.10 0.35  

Winter Cover / Food Index = WCFI 
 0.80 1.20 1.17 1.16 1.01 1.28 Average 

= ((4 x SI1 + SI2) ÷ 5) + SI3 [max = 1.0] 1.10 

 
HSI=                 See Eastern Cottontail Multi-cover Worksheet  0.91 

                  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-8      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Deciduous Forest (Uplands) – Mitigation Site            
 Species: Eastern Wild Turkey, Eastern Cottontail, Wood Duck, Pine Warbler, Raccoon  
 

Variable Area / Site number 
 7 8 9 10 11 12 
 Wood Duck               
 Variable Name # Value Value Value Value Value Value  # of potentially suitable tree cavities per acre (minimum entrance 

dimensions of 3"x4" in live trees or snags) V1 3 6 0 6 1 1  
# of nest boxes per acre (artificial wood duck nest sites that are 
predator proof and maintained) V2 0 0 0 0 0 0  
(0.18 x V1) + (0.95 x V2) V3 0.54 1.08 0.00 1.08 0.18 0.18  
% water surface covered by potential brood cover (shrub cover and 
overhanging tree crowns within 3.3 ft of water surface, woody 
downfall, and herbaceous vegetation) 

V4 9 65 0 20 0 20  

% water surface covered by potential winter cover (same for V4 
except that only winter persistent species should be considered in the 
herbaceous vegetation component) 

V5 0 48 0 20 0 10  

Deciduous Forest (Uplands) Model  SI SI SI SI SI SI Average 
Nesting Value SI3 0.11 0.22 0.00 0.22 0.04 0.04 0.10 

Brooding Value SI4 0.20 1.00 0.00 0.40 0.00 0.40 0.33 
Winter Cover Value SI5 0.00 1.00 0.00 0.40 0.00 0.40 0.30 

  HSI= See Wood Duck Multi-cover Type Worksheet 0.47 
                  
Pine Warbler               

 Variable Name # Value Value Value Value Value Value  % tree canopy closure of overstory pines (excluding white, sand, or 
pond pines) V1 0 39 8 10 0 12  
Successional stage of stand: A) pole or sapling, B) Young, C) Mature or 
old growth V2 A C B B A B  
% of dominant canopy pines with deciduous understory in the upper 
one-third layer V3 0 75 1 50 0 5  

Deciduous Forest (Uplands) Model  SI SI SI SI SI SI    SI1 0.00 0.39 0.08 0.10 0.00 0.12  
  SI2 0.00 1.00 0.50 0.50 0.00 0.50    SI3 1.00 0.25 0.99 0.50 1.00 0.95  Life Requisite Cover and Reproduction  0.00 0.31 0.20 0.16 0.00 0.24  = (SI1 x SI2 x SI3)1/2  Average 
  HSI= 0.00 0.31 0.20 0.16 0.00 0.24 0.15 
                  
Raccoon               

 Variable Name # Value Value Value Value Value Value 
 Distance to water (mi.) V1 0.30 0.28 0.85 0.14 0.24 0.31 

 Water Regime: A) Permanent water,  B) Semi-permanent water, C) No 
water or ephemeral flooding V2 B C C C C C 

 Overstory forest size class: A)Saplings (less than 15cm dbh), B) Pole 
timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), D) Mature 
trees (50+ cm dbh) 

V3 C D C C C C 

 # refuge sites per 0.4 ha (#/acre) V4 2 6 40 10 38 28 
 Deciduous Forest (Uplands) Model  SI SI SI SI SI SI 
   SI1 0.95 0.95 0.48 0.98 0.95 0.93 
   SI2 0.50 0.10 0.10 0.10 0.10 0.10 
   SI3 0.70 1.00 0.70 0.70 0.70 0.70 
   SI4 0.65 1.00 1.00 1.00 1.00 1.00 
 Winter Value = (SI1 x SI2)1/2  0.69 0.31 0.22 0.31 0.31 0.30 
 Cover Reproduction Value  

 1.16 1.41 1.30 1.30 1.30 1.30  = (SI3 + SI4) ÷ 2 Average 
Lowest Life Requisite Value HSI=  0.69 0.31 0.22 0.31 0.31 0.30 0.36 

 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-9      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Deciduous Forest (Uplands) - Preferred Alignment           
 Species: Eastern Wild Turkey, Eastern Cottontail, Wood Duck, Pine Warbler, Raccoon  
 

Variable Area / Site number 
 37 38 39 40 41 42 
 Eastern Wild Turkey 
 Variable Name # Value Value Value Value Value Value  % herbaceous canopy cover V1 55 8 8 22 8 60  average height of herbaceous canopy in summer (in) V2 16 12 10 36 7 6  Distance to forest or tree savanna cover type (ft) V3        Number of hard mast producing trees/ha that are > 10" V4 320 25 84 62 0 21  

% canopy closure of soft mast producing trees V5 5 5 12 20 73 5  

% shrub crown cover 
V6 27 85 87 42 21 38  
V7  % shrub crown cover comprised of soft mast producing shrubs V8 5 75 68 62 100 100  

Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops V9        Overwinter crop management: A) >5% crop unharvested, B) 1  to 
5% of crop unharvested, C) crop harvested, spring plowed, D) crop 
harvested, fall plowed 

V10        

% tree canopy cover V11 90 50 78 64 73 45  Average dbh of overstory trees (in) V12 12 13 12 8 6 10  
% of forest canopy comprised of evergreens V13 0 19 0 60 78 40  Deciduous Forest (Uplands) Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  
  
  
  
  
  
  

SI1 1.00 0.00 0.00 0.00 0.00 1.00  SI2 0.90 0.20 0.40 1.00 0.40 0.30  SI3        
SI4 0.75 0.05 0.20 0.10 0.00 0.05  SI5 0.10 0.10 0.25 0.50 1.00 0.10  
SI6 1.00 1.00 1.00 1.00 1.00 1.00  SI7 1.00 0.00 0.00 1.00 1.00 1.00  
SI8 0.07 0.49 0.45 0.41 0.64 0.64  SI9        

SI10        SI11 1.00 1.00 1.00 1.00 1.00 0.90  SI12 1.00 1.00 1.00 0.50 0.20 0.75  
SI13 1.00 1.00 1.00 0.60 0.35 0.85 Average 

Summer Food/Brood Value = (SI1 x SI2)1/2  0.95 0.00 0.00 0.00 0.00 0.55 0.25 
Fall/Winter/Spring Food Value                                                                    

= (([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7  0.46 0.00 0.00 0.51 0.82 0.40 0.36 

Cover Value = SI11 x SI12 X SI13  1.00 1.00 1.00 0.30 0.07 0.57 0.66 

 
HSI=             See Eastern Wild Turkey Multi-Cover Type Worksheet 0.25 

                  
Eastern Cottontail               

 Variable Name # Value Value Value Value Value Value 
 % shrub crown closure (% of ground surface that is shaded by a 

vertical projection of canopies of woody veg. less than 5 m tall V1 27 85 87 42 21 38 

 % tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall V2 90 50 78 64 73 45 

 % canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) V3 55 8 8 22 8 60 

 Diversity index (a measure of amount of cover type edge within the 
study site. Ratio of cover type edge to total area…) V4        

Deciduous Forest (Uplands) Model  SI SI SI SI SI SI  
  
  
  

SI1 1.00 0.70 0.70 1.00 1.00 1.00  SI2 0.20 1.00 0.50 0.75 0.60 1.00  SI3 0.33 0.05 0.05 0.13 0.05 0.36 Average 
Winter Cover / Food Index = WCFI 

 1.17 0.81 0.71 1.08 0.97 1.36 1.02 = ((4 x SI1 + SI2) ÷ 5) + SI3 

 
HSI=  See Eastern Cottontail Multi-cover Worksheet 0.59 

                  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-10      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Deciduous Forest (Uplands) - Preferred Alignment           
 Species: Eastern Wild Turkey, Eastern Cottontail, Wood Duck, Pine Warbler, Raccoon  
 

Variable Area / Site number 
 37 38 39 40 41 42 
 Wood Duck               
 Variable Name # Value Value Value Value Value Value  # of potentially suitable tree cavities per acre (minimum entrance 

dimensions of 3"x4" in live trees or snags) V1 8 4 1 2 0 0  
# of nest boxes per acre (artificial wood duck nest sites that are 
predator proof and maintained) V2 0 0 0 0 0 0  
(0.18 x V1) + (0.95 x V2) V3 1.44 0.72 0.18 0.36 0.00 0.00  
% water surface covered by potential brood cover (shrub cover and 
overhanging tree crowns within 3.3 ft of water surface, woody 
downfall, and herbaceous vegetation) 

V4 5 39 82 18 28 30  

% water surface covered by potential winter cover (same for V4 
except that only winter persistent species should be considered in 
the herbaceous vegetation component) 

V5 5 39 80 15 28 30  

Deciduous Forest (Uplands) Model  SI SI SI SI SI SI Average 
Nesting Value SI3 0.29 0.14 0.04 0.07 0.00 0.00 0.09 

Brooding Value SI4 0.10 0.80 0.80 0.30 0.60 0.00 0.43 
Winter Cover Value SI5 0.10 0.80 0.80 0.30 0.60 0.00 0.43 

  HSI= See Wood Duck Multi-cover Type Worksheet 0.45 
                  
Pine Warbler               

 Variable Name # Value Value Value Value Value Value  % tree canopy closure of overstory pines (excluding white, sand, or 
pond pines) V1 0 19 0 0 0 0  
Successional stage of stand: A) pole or sapling, B) Young, C) Mature 
or old growth V2 C B B A A B  
% of dominant canopy pines with deciduous understory in the 
upper one-third layer V3 0 80 0 0 3 0  

Deciduous Forest (Uplands) Model  SI SI SI SI SI SI    SI1 0.00 1.90 0.00 0.00 0.00 0.00  
  SI2 1.00 0.50 0.50 0.00 0.00 0.50    SI3 1.00 0.20 1.00 1.00 0.97 1.00  Life Requisite Cover and Reproduction  0.00 0.44 0.00 0.00 0.00 0.00  

= (SI1 x SI2 x SI3)1/2  Average 
  HSI= 0.00 0.44 0.00 0.00 0.00 0.00 0.07 
                  
Raccoon               

 Variable Name # Value Value Value Value Value Value 
 Distance to water (mi.) V1 0.14 0.76 0.06 0.75 0.02 0.13  Water Regime: A) Permanent water,  B) Semi-permanent water, C) 

No water or ephemeral flooding V2 C C C C C C  
Overstory forest size class: A)Saplings (less than 15cm dbh), B) Pole 
timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), D) 
Mature trees (50+ cm dbh) 

V3 C C C C B B  

# refuge sites per 0.4 ha (#/acre) V4 2 4 28 7 1 6  
Deciduous Forest (Uplands) Model  SI SI SI SI SI SI  

  SI1 0.98 0.80 0.85 0.80 0.98 0.98    SI2 0.10 0.10 0.10 0.10 0.10 0.10  
  SI3 0.70 0.70 0.70 0.70 0.20 0.20    SI4 0.20 1.00 1.00 1.00 0.20 1.00  

Winter Value = (SI1 x SI2)1/2  0.31 0.28 0.29 0.28 0.31 0.31 
 Cover Reproduction Value  

 0.95 1.30 1.30 1.30 0.63 1.10 = (SI3 + SI4) ÷ 2 Average 
Lowest Life Requisite Value HSI= 0.31 0.28 0.29 0.28 0.31 0.31 0.30 

 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-11      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Evergreen Forest (Uplands) – Mitigation site          
 Species: Eastern Wild Turkey, Eastern Cottontail,  Pine Warbler, Raccoon  
 

Variable Area / Site number 
 13 14 15 16 17 18 
 Eastern Wild Turkey 
 Variable Name # Value Value Value Value Value Value  % herbaceous canopy cover V1 0 2 30 15 0 1  average height of herbaceous canopy in summer (in) V2 0 10 10 12 0 6  Distance to forest or tree savanna cover type (ft) V3        Number of hard mast producing trees/ha that are > 10" V4 16 125 33 4 0 6  

% canopy closure of soft mast producing trees V5 4 7 6 0 0 85  

% shrub crown cover 
V6 50 70 58 70 30 2  
V7  % shrub crown cover comprised of soft mast producing shrubs V8 8 5 5 4 25 100  

Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops V9        Overwinter crop management: A) >5% crop unharvested, B) 1  to 
5% of crop unharvested, C) crop harvested, spring plowed, D) crop 
harvested, fall plowed 

V10        

% tree canopy cover V11 77 72 75 90 95 80  Average dbh of overstory trees (in) V12 12 21 14 10 5 5  
% of forest canopy comprised of evergreens V13 70 0 90 100 100 90  Deciduous Forest (Uplands) Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  
  
  
  
  
  
  

SI1 0.00 0.00 0.25 0.00 0.00 0.00  SI2 0.00 0.50 0.50 0.60 0.00 0.20  SI3        
SI4 0.05 0.45 0.10 0.00 0.00 0.00  SI5 0.10 0.15 0.15 0.00 0.00 1.00  
SI6 1.00 1.00 1.00 1.00 1.00 0.10  SI7 1.00 0.30 0.65 0.30 1.00 1.00  
SI8 0.45 0.43 0.43 0.42 0.55 1.00  SI9        

SI10        SI11 1.00 1.00 1.00 1.00 1.00 1.00  SI12 1.00 1.00 1.00 1.00 0.10 0.10  
SI13 0.50 1.00 0.20 0.10 0.10 0.20 Average 

Summer Food/Brood Value = (SI1 x SI2)1/2  0.00 0.00 0.35 0.00 0.00 0.00 0.06 
Fall/Winter/Spring Food Value                                                                    

= (([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7  0.30 0.15 0.22 0.06 0.28 0.55 0.26 

Cover Value = SI11 x SI12 X SI13  0.50 1.00 0.20 0.10 0.01 0.02 0.31 

 
HSI=                     See Eastern Wild Turkey Multi-Cover Type Worksheet  0.50 

                  
Eastern Cottontail               

 Variable Name # Value Value Value Value Value Value 
 % shrub crown closure (% of ground surface that is shaded by a 

vertical projection of canopies of woody veg. less than 5 m tall V1 50 70 58 70 30 21  
% tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall V2 77 72 75 90 95 80  
% canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) V3 0 2 30 15 0 1  
Diversity index (a measure of amount of cover type edge within 
the study site. Ratio of cover type edge to total area…) V4        

Deciduous Forest (Uplands) Model  SI SI SI SI SI SI  
  SI1 1.00 0.80 0.90 0.80 1.00 1.00    SI2 0.60 0.70 0.60 0.35 0.30 0.50    SI3 0.00 0.01 0.18 0.09 0.00 0.01 Average 

Winter Cover / Food Index = WCFI 
 0.92 0.79 1.02 0.80 0.86 0.91 0.88 = ((4 x SI1 + SI2) ÷ 5) + SI3 

 
   HSI=                     See Eastern Cottontail Multi-cover Worksheet 0.91 

                  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-12      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Evergreen Forest (Uplands) – Mitigation site          
 Species: Eastern Wild Turkey, Eastern Cottontail,  Pine Warbler, Raccoon  
 

Variable Area / Site number 
 13 14 15 16 17 18 
 Pine Warbler               
 Variable Name # Value Value Value Value Value Value 
 % tree canopy closure of overstory pines (excluding white, sand, 

or pond pines) V1 70 0 90 100 100 80  
Successional stage of stand: A) pole or sapling, B) Young, C) 
Mature or old growth V2 B C B B A B  
% of dominant canopy pines with deciduous understory in the 
upper one-third layer V3 17 0 43 29 23 2  

Deciduous Forest (Uplands) Model  SI SI SI SI SI SI  
  SI1 0.70 0.00 0.90 1.00 1.00 0.80    SI2 0.50 1.00 0.50 0.50 0.00 0.50  
  SI3 0.83 1.00 0.57 0.71 0.77 0.98  Life Requisite Cover and Reproduction  0.54 0.00 0.51 0.60 0.00 0.63  

= (SI1 x SI2 x SI3)1/2  Average 
  HSI= 0.54 0.00 0.51 0.60 0.00 0.63 0.38 
                  
Raccoon               

 Variable Name # Value Value Value Value Value Value 
 Distance to water (mi.) V1 0.29 0.23 0.86 0.59 0.17 0.31 

 Water Regime: A) Permanent water,  B) Semi-permanent water, C) 
No water or ephemeral flooding V2 C C C C C C 

 Overstory forest size class: A)Saplings (less than 15cm dbh), B) 
Pole timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), D) 
Mature trees (50+ cm dbh) 

V3 C D C B A B 

 # refuge sites per 0.4 ha (#/acre) V4 1 11 10 1 1 3 
 Deciduous Forest (Uplands) Model  SI SI SI SI SI SI 
   SI1 0.95 0.95 0.30 0.85 0.98 0.95 
   SI2 0.10 0.10 0.10 0.10 0.10 0.10 
   SI3 0.70 1.00 0.70 0.20 0.10 0.20 
   SI4 0.30 1.00 1.00 0.30 0.30 0.90  Winter Value = (SI1 x SI2)1/2  0.31 0.31 0.17 0.29 0.31 0.31  

Cover Reproduction Value  
 1.00 1.41 1.30 0.71 0.63 1.05  = (SI3 + SI4) ÷ 2 Average 

Lowest Life Requisite Value HSI= 0.31 0.31 0.17 0.29 0.31 0.31 0.28 

 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-13      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Evergreen Forest (Uplands) - Preferred Alignment           
 Species: Eastern Wild Turkey, Eastern Cottontail, Pine Warbler, Raccoon  
 

Variable Area / Site number 
 43 44 45 46 47 48 
 Eastern Wild Turkey 
 Variable Name # Value Value Value Value Value Value 
 % herbaceous canopy cover V1 9 4 1 82 4 6  average height of herbaceous canopy in summer (in) V2 16 7 6 42 5 7  Distance to forest or tree savanna cover type (ft) V3        Number of hard mast producing trees/ha that are > 10" V4 11 3 2 0 3 5  

% canopy closure of soft mast producing trees V5 7 86 84 15 80 75  
% shrub crown cover V6 65 9 28 3 24 8  

V7  % shrub crown cover comprised of soft mast producing shrubs V8 29 100 100 100 80 100  
Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops V9        Overwinter crop management: A) >5% crop unharvested, B) 1  to 5% of 
crop unharvested, C) crop harvested, spring plowed, D) crop harvested, 
fall plowed 

V10        

% tree canopy cover V11 83 86 84 15 87 85  Average dbh of overstory trees (in) V12 16 5 5 16 7 5  
% of forest canopy comprised of evergreens V13 93 74 100 100 95 95  Evergreen  Forest (Uplands) Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  
  
  
  
  
  
  

SI1 0.00 0.00 0.00 1.00 0.00 0.00  SI2 0.70 0.35 0.30 1.00 0.20 0.35  SI3        
SI4 0.05 0.00 0.00 0.00 0.00 0.00  SI5 0.20 1.00 1.00 0.38 1.00 1.00  
SI6 1.00 0.45 1.00 0.15 1.00 0.45  SI7 0.50 1.00 1.00 1.00 1.00 1.00  
SI8 0.57 1.00 1.00 1.00 0.88 1.00  SI9        

SI10        SI11 1.00 1.00 1.00 0.10 1.00 1.00  SI12 1.00 0.10 0.10 1.00 0.35 0.10  
SI13 0.20 0.45 0.10 0.10 0.20 0.20 Average 

Summer Food/Brood Value = (SI1 x SI2)1/2  0.00 0.00 0.00 1.00 0.00 0.00 0.17 
Fall/Winter/Spring Food Value                                                                          

=(([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7  0.21 0.73 1.00 0.26 0.94 0.73 0.64 

Cover Value = SI11 x SI12 X SI13  0.20 0.05 0.01 0.01 0.07 0.02 0.06 

 HSI=             See Eastern Wild Turkey Multi-Cover Type Worksheet 0.25 
                  
Eastern Cottontail               

 Variable Name # Value Value Value Value Value Value 
 % shrub crown closure (% of ground surface that is shaded by a vertical 

projection of canopies of woody veg. less than 5 m tall V1 65 91 28 3 24 8 

 % tree canopy closure (% ground surface shaded by vertical projection 
of canopies of woody veg. greater than 5 m tall V2 83 86 84 15 87 85 

 % canopy closure of persistent herbaceous veg. (% of ground surface 
shaded by vertical projection of all non-woody veg) V3 9 4 1 82 4 6 

 Diversity index (a measure of amount of cover type edge within the 
study site. Ratio of cover type edge to total area…) V4       

 Evergreen  Forest (Uplands) Model   SI SI SI SI SI SI  
  
  
  

SI1 0.88 0.68 1.00 0.05 1.00 0.45  SI2 0.48 0.35 0.45 0.60 0.40 0.45  SI3 0.05 0.02 0.01 0.49 0.02 0.04 Average 
Winter Cover / Food Index = WCFI 

  0.85 0.63 0.90 0.65 0.90 0.49 0.74 = ((4 x SI1 + SI2) ÷ 5) + SI3 

 
HSI = See Eastern Cottontail Multi-cover Worksheet 0.59 

                  
Pine Warbler               

 Variable Name # Value Value Value Value Value Value 
 % tree canopy closure of overstory pines (excluding white, sand, or pond 

pines) V1 93 83 84 15 80 75  
Successional stage of stand: A) pole or sapling, B) Young, C) Mature or 
old growth V2 C A A C A A  
% of dominant canopy pines with deciduous understory in the upper 
one-third layer V3 20 2 0 0 2 0  

Deciduous Forest (Uplands) Model  SI SI SI SI SI SI  
  
  
  

SI1 0.93 0.83 0.84 0.15 0.80 0.75  
SI2 1.00 0.00 0.00 1.00 0.00 0.00  SI3 0.80 0.98 1.00 1.00 0.98 1.00  Life Requisite Cover and Reproduction 

 0.86 0.00 0.00 0.39 0.00 0.00  = (SI1 x SI2 x SI3)1/2 Average 
  HSI = 0.86 0.00 0.00 0.39 0.00 0.00 0.21 



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-14      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Evergreen Forest (Uplands) - Preferred Alignment           
 Species: Eastern Wild Turkey, Eastern Cottontail, Pine Warbler, Raccoon  
 

Variable Area / Site number 
 43 44 45 46 47 48 
                   

Raccoon               
 Variable Name # Value Value Value Value Value Value 
 Distance to water (mi.) V1 0.08 0.1 0.41 1.08 0.57 0.5  Water Regime: A) Permanent water,  B) Semi-permanent water, C) No 

water or ephemeral flooding V2 C C C C C C  
Overstory forest size class: A)Saplings (less than 15cm dbh), B) Pole 
timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), D) Mature 
trees (50+ cm dbh) 

V3 C B B C B B  

# refuge sites per 0.4 ha (#/acre) V4 0 0 1 0 0 1  Deciduous Forest (Uplands) Model  SI SI SI SI SI SI  
  SI1 0.99 0.98 0.93 0.00 0.88 0.90    SI2 0.10 0.10 0.10 0.10 0.10 0.10    SI3 0.70 0.20 0.20 0.70 0.20 0.20    SI4 0.00 0.00 0.00 0.00 0.00 0.00  Winter Value = (SI1 x SI2)1/2  0.31 0.31 0.30 0.00 0.30 0.30  

Cover Reproduction Value  
 0.84 0.45 0.45 0.84 0.45 0.45  = (SI3 + SI4) ÷ 2 Average 

Lowest Life Requisite Value HSI = 0.31 0.31 0.30 0.00 0.30 0.30 0.25 

 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-15      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Herbaceous Wetlands – Mitigation Site        
 Species:  Beaver, Wood Duck, Raccoon  
 

Variable Area / Site number 
 19 20 21 22 23 24 
 Beaver               
 Variable Name # Value Value Value Value Value Value 
 % Tree Canopy Closure V1 0 0 1 0 0 2  % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class V2 0 0 100 0 0 100  % shrub crown cover V3 2 2 2 4 2 1  Avg. height of shrub canopy V4 7 6 6 7 7 7  

Species comp. of woody vegetation (trees and/or shrubs): A) Woody 
veg. dominated by one or more of the following species: aspen; 
willow/ cottonwood; or alder, B) Woody veg. dominated by other 
deciduous species, C) Woody veg. dominated by coniferous species 

V5 B B B B B B  

% of Lacustrine surface dominated by yellow and/or white water 
lily V6        
% Stream Gradient V7        
Avg. water fluctuation on annual basis: A) Small fluctuations that 
have no effect on burrow or lodge entrances, B) Moderate 
fluctuations that affect burrow or lodge entrances, C)Extreme 
fluctuations or water absent during part of year 

V8 C C C C C C  

Shoreline development factor V9        Herbaceous Wetlands Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  
  
  

SI1 0.00 0.00 0.00 0.00 0.00 0.00  SI2 0.20 0.20 1.00 0.20 0.20 1.00  
SI3 0.20 0.20 0.20 0.30 0.20 0.20  SI4 0.60 0.60 0.60 1.00 0.60 0.30  
SI5 0.60 0.60 0.60 0.60 0.60 0.60  SI6        SI7        SI8 0.00 0.00 0.00 0.00 0.00 0.00  SI9        

Woody Vegetation Value within wetland = a  0.46 0.46 0.46 0.57 0.46 0.38  = [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2   
Woody Vegetation Value within 330 ft of water's edge = b 

 0.46 0.46 0.46 0.57 0.46 0.38  = [(SI1 x SI2)1/2 x SI5]1/2 + [(SI3 x SI4)1/2 x SI5]1/2  
Woody Vegetation Value from 330 ft to 660 ft = c 

 0.46 0.46 0.46 0.57 0.46 0.38  
=0.5 x  [(SI1 x SI2)1/2 x SI5]1/2 + [(SI3 x SI4)1/2 x SI5]1/2  Winter Food   0.55 0.55 0.55 0.69 0.55 0.46  

= (a + b + c)÷ 2.5   Water Value 
 0.00 0.00 0.00 0.00 0.00 0.00  

=S18 Average 
Lowest Life Requisite Value HSI= 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

                  
Wood Duck               

 Variable Name # Value Value Value Value Value Value 
 # of potentially suitable tree cavities per acre (minimum entrance 

dimensions of 3"x4" in live trees or snags) V1 0 0 1 0 0 1  
# of nest boxes per acre (artificial wood duck nest sites that are 
predator proof and maintained) V2 0 0 0 0 0 6  
(0.18 x V1) + (0.95 x V2) V3 0.00 0.00 0.18 0.00 0.00 5.88  
% water surface covered by potential brood cover (shrub cover and 
overhanging tree crowns within 3.3 ft of water surface, woody 
downfall, and herbaceous vegetation) 

V4 85 70 75 85 87 98  

% water surface covered by potential winter cover (same for V4 
except that only winter persistent species should be considered in 
the herbaceous vegetation component) 

V5 85 70 70 85 87 98  

Herbaceous Wetlands Model  SI SI SI SI SI SI Average 
Nesting Value SI3 0.00 0.00 0.04 0.00 0.00 1.18 0.20 

Brooding Value SI4 0.60 1.00 1.00 0.60 0.60 0.10 0.65 
Winter Cover Value SI5 0.60 1.00 1.00 0.60 0.60 1.00 0.80 

  HSI= See Wood Duck Multi-cover Type Worksheet 0.47 
                  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-16      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Herbaceous Wetlands – Mitigation Site        
 Species:  Beaver, Wood Duck, Raccoon  
 

Variable Area / Site number 
 19 20 21 22 23 24 
 Raccoon               
 Variable Name # Value Value Value Value Value Value  Distance to water (mi.) V1 0.45 0.25 0.14 0.17 0.13 0.07  Water Regime: A) Permanent water,  B) Semi-permanent water, C) 

No water or ephemeral flooding V2 C C C C C C  
Overstory forest size class: A)Saplings (less than 15cm dbh), B) Pole 
timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), D) 
Mature trees (50+ cm dbh) 

V3 A A C A A C  

# refuge sites per 0.4 ha (#/acre) V4 0 0 2 0 0 2  
Herbaceous Wetlands Model  SI SI SI SI SI SI  

  
  
  
  

SI1 0.90 0.95 0.98 0.98 0.98 0.99  
SI2 0.20 0.20 0.20 0.20 0.20 0.20  SI3 0.00 0.00 0.70 0.00 0.00 0.70  SI4 0.00 0.00 0.65 0.00 0.00 0.65  Winter Value = (SI1 x SI2)1/2  0.42 0.44 0.44 0.44 0.44 0.44  Cover Reproduction Value  

 0.00 0.00 0.68 0.00 0.00 0.68  
= (SI3 + SI4) ÷ 2 Average 

Lowest Life Requisite Value HSI= 0.00 0.00 0.44 0.00 0.00 0.44 0.15 

 

 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-17      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Herbaceous Wetlands - Preferred Alignment           
 Species:  Beaver, Wood Duck, Raccoon  
 

Variable Area / Site number 
 49 50 51 52 53 54 
 Beaver               
 Variable Name # Value Value Value Value Value Value  % Tree Canopy Closure V1 0 0 0 2 1 0  % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class V2 0 0 0 100 100 0  % shrub crown cover V3 0 0 35 40 65 62  Avg. height of shrub canopy V4 0 0 10 12 14 13  

Species comp. of woody vegetation (trees and/or shrubs): A) Woody veg. 
dominated by one or more of the following species: aspen; willow/ 
cottonwood; or alder, B) Woody veg. dominated by other deciduous 
species, C) Woody veg. dominated by coniferous species 

V5 C C B B B B  

% of Lacustrine surface dominated by yellow and/or white water lily V6        
% Stream Gradient V7        Avg. water fluctuation on annual basis: A) Small fluctuations that have no 
effect on burrow or lodge entrances, B) Moderate fluctuations that affect 
burrow or lodge entrances, C)Extreme fluctuations or water absent 
during part of year 

V8 C C C C C C  

Shoreline development factor V9        
Herbaceous Wetlands Model  SI SI SI SI SI SI  

  
  
  
  
  
  
  
  
  

SI1 0.00 0.00 0.00 0.00 0.00 0.00  
SI2 0.20 0.20 0.20 1.00 1.00 0.20  SI3 0.20 0.20 0.90 1.00 0.95 0.98  SI4 0.00 0.00 1.00 1.00 1.00 1.00  SI5 0.00 0.00 0.60 0.60 0.60 0.60  SI6        
SI7        SI8 0.00 0.00 0.00 0.00 0.00 0.00  
SI9        Woody Vegetation Value within wetland = a  0.00 0.00 0.75 0.77 0.76 0.77  

= [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2   Woody Vegetation Value within 330 ft of water's edge = b 
 0.00 0.00 0.75 0.77 0.76 0.77  

= [(SI1 x SI2)1/2 x SI5]1/2 + [(SI3 x SI4)1/2 x SI5]1/2  Woody Vegetation Value from 330 ft to 660 ft = c 
 0.00 0.00 0.75 0.77 0.76 0.77  =0.5 x  [(SI1 x SI2)1/2 x SI5]1/2 + [(SI3 x SI4)1/2 x SI5]1/2  

Winter Food   0.00 0.00 0.91 0.93 0.92 0.92  = (a + b + c)÷ 2.5   
Water Value 

 0.00 0.00 0.00 0.00 0.00 0.00  
=S18 Average 

Lowest Life Requisite Value HSI= 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
                  
Wood Duck               

 Variable Name # Value Value Value Value Value Value  # of potentially suitable tree cavities per acre (minimum entrance 
dimensions of 3"x4" in live trees or snags) V1 0 0 0 0 0 0  
# of nest boxes per acre (artificial wood duck nest sites that are predator 
proof and maintained) V2 0 0 0 0 0 0  
(0.18 x V1) + (0.95 x V2) V3 0.00 0.00 0.00 0.00 0.00 0.00  
% water surface covered by potential brood cover (shrub cover and 
overhanging tree crowns within 3.3 ft of water surface, woody downfall, 
and herbaceous vegetation) 

V4 0 0 28 44 54 60  

% water surface covered by potential winter cover (same for V4 except 
that only winter persistent species should be considered in the 
herbaceous vegetation component) 

V5 0 0 20 38 54 60  

Herbaceous Wetlands Model  SI SI SI SI SI SI Average 
Nesting Value SI3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Brooding Value SI4 0.00 0.00 0.60 0.90 1.00 1.00 0.58 
Winter Cover Value SI5 0.00 0.00 0.40 0.75 1.00 1.00 0.53 

  HSI= See Wood Duck Multi-cover Type Worksheet 0.45 
                  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-18      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Herbaceous Wetlands - Preferred Alignment           
 Species:  Beaver, Wood Duck, Raccoon  
 

Variable Area / Site number 
 49 50 51 52 53 54 
 Raccoon               
 Variable Name # Value Value Value Value Value Value 
 Distance to water (mi.) V1 0.27 0.48 0.69 0.7 0.73 0.69  Water Regime: A) Permanent water,  B) Semi-permanent water, C) No 

water or ephemeral flooding V2 C C C C C C  
Overstory forest size class: A)Saplings (less than 15cm dbh), B) Pole 
timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), D) Mature 
trees (50+ cm dbh) 

V3 A A A A B B  

# refuge sites per 0.4 ha (#/acre) V4 0 0 0 0 0 0  
Herbaceous Wetlands Model  SI SI SI SI SI SI    SI1 0.95 0.90 0.83 0.83 0.83 0.83  

  SI2 0.10 0.10 0.10 0.10 0.10 0.10    SI3 0.00 0.00 0.10 0.10 0.20 0.20    SI4 0.00 0.00 0.00 0.00 0.00 0.00  Winter Value = (SI1 x SI2)1/2  0.31 0.30 0.29 0.29 0.29 0.29 
 Cover Reproduction Value  

 0.00 0.00 0.05 0.05 0.10 0.10 = (SI3 + SI4) ÷ 2 Average 
Lowest Life Requisite Value HSI= 0.00 0.00 0.05 0.05 0.10 0.10 0.05 

 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-19      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Grasslands – Mitigation Site          
 Species: Eastern Wild Turkey, Eastern Cottontail 
 

Variable Area / Site number 
 25 26 27 28 29 30 
 Eastern Wild Turkey 
 Variable Name # Value Value Value Value Value Value  % herbaceous canopy cover V1 98 93 100 100 100 99  average height of herbaceous canopy in summer (in) V2 6 12 36 36 36 36  Distance to forest or tree savanna cover type (ft) V3 50 50 125 100 125 80  Number of hard mast producing trees/ha that are > 10" V4 2 0 0 0 0 0  

% canopy closure of soft mast producing trees V5 3 0 0 0 0 0  
% shrub crown cover V6 0 0 1 10 6 0  

V7  % shrub crown cover comprised of soft mast producing shrubs V8 0 0 0 0 3 0  
Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops V9        Overwinter crop management: A) >5% crop unharvested, B) 1  
to 5% of crop unharvested, C) crop harvested, spring plowed, D) 
crop harvested, fall plowed 

V10        

% tree canopy cover V11 7 0 0 0 0 0  Average dbh of overstory trees (in) V12 12 0 0 0 0 0  
% of forest canopy comprised of evergreens V13 20 0 0 0 0 0  Grasslands Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  
  
  
  
  
  
  

SI1 0.55 0.70 0.50 0.50 0.50 0.50  SI2 0.20 0.50 1.00 1.00 1.00 1.00  SI3 1.00 1.00 1.00 1.00 1.00 1.00  
SI4 0.00 0.00 0.00 0.00 0.00 0.00  SI5 0.10 0.00 0.00 0.00 0.00 0.00  
SI6 0.00 0.00 0.00 0.50 0.30 0.00  SI7 1.00 1.00 1.00 1.00 1.00 1.00  
SI8 0.40 0.40 0.40 0.40 0.40 0.40  SI9        

SI10        SI11 0.00 0.00 0.00 0.00 0.00 0.00  SI12 1.00 0.00 0.00 0.00 0.00 0.00  
SI13 1.00 1.00 1.00 1.00 1.00 1.00 Average 

Summer Food/Brood Value = (SI1 x SI2)1/2  0.33 0.59 0.71 0.71 0.71 0.71 0.63 
Fall/Winter/Spring Food Value                                                                               

=(([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7  0.05 0.00 0.00 0.10 0.06 0.00 0.04 

Cover Value = SI11 x SI12 X SI13  0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
HSI=                                 See Eastern Wild Turkey Multi-Cover Type Worksheet 0.50 

                  
Eastern Cottontail               

 Variable Name # Value Value Value Value Value Value  
% shrub crown closure (% of ground surface that is shaded by a 
vertical projection of canopies of woody veg. less than 5 m tall V1 0 0 0 5 6 0  
% tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall V2 25 0 0 0 0 0  
% canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) V3 0 0 70 50 50 85  
Diversity index (a measure of amount of cover type edge within 
the study site. Ratio of cover type edge to total area…) V4        

Grasslands Model  SI SI SI SI SI SI  

 
SI1 0.00 0.00 0.00 0.20 0.20 0.00  

 
SI2 1.00 0.00 0.00 0.00 0.00 0.00  

 
SI3 0.00 0.00 0.42 0.30 0.30 0.51 Average 

Winter Cover / Food Index = WCFI 
 0.20 0.00 0.42 0.46 0.46 0.51 0.34 = ((4 x SI1 + SI2) ÷ 5) + SI3 

 
HSI=                                     See Eastern Cottontail Multi-cover Worksheet 0.91 

 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-20      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Grasslands - Preferred Alignment      
 Species: Eastern Wild Turkey, Eastern Cottontail 
 

Variable Area / Site number 
 55 56 57 58 59 60 
 Eastern Wild Turkey 
 Variable Name # Value Value Value Value Value Value  % herbaceous canopy cover V1 100 100 10 100 100 85  average height of herbaceous canopy in summer (in) V2 3 12 6 8 4 5  

Distance to forest or tree savanna cover type (ft) V3 1030 1891 220 340 120 380  Number of hard mast producing trees/ha that are > 10" V4 0 0 0 0 0 2  
% canopy closure of soft mast producing trees V5 0 0 0 0 0 1  
% shrub crown cover V6 0 0 2 0 0 0  

V7  % shrub crown cover comprised of soft mast producing shrubs V8 0 0 0 0 0 0  Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops V9        Overwinter crop management: A) >5% crop unharvested, B) 1  to 5% 
of crop unharvested, C) crop harvested, spring plowed, D) crop 
harvested, fall plowed 

V10        

% tree canopy cover V11 0 0 0 0 0 1  Average dbh of overstory trees (in) V12 0 0 0 0 0 10  % of forest canopy comprised of evergreens V13 0 0 0 0 0 0  Grasslands Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  
  
  
  
  
  
  

SI1 0.50 0.50 0.00 0.50 0.50 0.85  
SI2 0.15 0.55 0.28 0.40 0.18 0.25  SI3 0.00 0.00 0.88 0.38 1.00 0.10  
SI4 0.00 0.00 0.00 0.00 0.00 0.00  SI5 0.00 0.00 0.00 0.00 0.00 0.03  
SI6 0.00 0.00 0.10 0.00 0.00 0.00  SI7 1.00 1.00 1.00 1.00 1.00 1.00  SI8 0.40 0.40 0.40 0.40 0.40 0.40  SI9        SI10        

SI11 0.00 0.00 0.00 0.00 0.00 0.00  SI12 0.00 0.00 0.00 0.00 0.00 0.70  
SI13 1.00 1.00 1.00 1.00 1.00 1.00 Average 

Summer Food/Brood Value = (SI1 x SI2)1/2  0.27 0.52 0.00 0.45 0.30 0.46 0.33 
Fall/Winter/Spring Food Value                                                                   

  = (([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7  0.00 0.00 0.02 0.00 0.00 0.01 0.01 

Cover Value = SI11 x SI12 X SI13  0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
HSI=                          See Eastern Wild Turkey Multi-Cover Type Worksheet 0.25 

                  
Eastern Cottontail               

 Variable Name # Value Value Value Value Value Value 
 % shrub crown closure (% of ground surface that is shaded by a 

vertical projection of canopies of woody veg. less than 5 m tall V1 0 0 2 0 0 0  
% tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall V2 0 0 0 0 0 1  
% canopy closure of persistent herbaceous veg. (% of ground surface 
shaded by vertical projection of all non-woody veg) V3 100 100 10 100 100 85  
Diversity index (a measure of amount of cover type edge within the 
study site. Ratio of cover type edge to total area…) V4        

Grasslands Model  SI SI SI SI SI SI    SI1 0.00 0.00 0.10 0.00 0.00 0.00  
  SI2 0.00 0.00 0.00 0.00 0.00 0.00    SI3 0.60 0.60 0.06 0.60 0.60 0.51 Average 

Winter Cover / Food Index = WCFI 
 0.60 0.60 0.14 0.60 0.60 0.51 0.51 = ((4 x SI1 + SI2) ÷ 5) + SI3 

 
HSI=                                   See Eastern Cottontail Multi-cover Worksheet  0.59 

 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-21      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Riverine - Preferred Alignment           
 Species:  Beaver, Wood Duck, Belted Kingfisher 
 

Variable Area / Site number 
 61 62 63 64 65 66 
 Beaver               
 Variable Name # Value Value Value Value Value Value  % Tree Canopy Closure V1 0 0 0 0 0 0  % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class V2 0 0 0 0 0 0  % shrub crown cover V3 0 0 0 0 0 0  Avg. height of shrub canopy V4 0 0 0 0 0 0  

Species comp. of woody vegetation (trees and/or shrubs): A) Woody 
veg. dominated by one or more of the following species: aspen; 
willow/ cottonwood; or alder, B) Woody veg. dominated by other 
deciduous species, C) Woody veg. dominated by coniferous species 

V5 C C C C C C  

% of Lacustrine surface dominated by yellow and/or white water lily V6        
% Stream Gradient V7 0.5 0.5 0.5 0.5 0.5 0.5  Avg. water fluctuation on annual basis: A) Small fluctuations that 
have no effect on burrow or lodge entrances, B) Moderate 
fluctuations that affect burrow or lodge entrances, C)Extreme 
fluctuations or water absent during part of year 

V8 A A A A A A  

Shoreline development factor V9        
Riverine Model  SI SI SI SI SI SI  

  
  
  
  
  
  
  
  
  

SI1 0.00 0.00 0.00 0.00 0.00 0.00  
SI2 0.20 0.20 0.20 0.20 0.20 0.20  SI3 0.20 0.20 0.20 0.20 0.20 0.20  SI4 0.00 0.00 0.00 0.00 0.00 0.00  SI5 0.00 0.00 0.00 0.00 0.00 0.00  SI6        
SI7 1.00 1.00 1.00 1.00 1.00 1.00  SI8 1.00 1.00 1.00 1.00 1.00 1.00  
SI9        Woody Vegetation Value within 330 ft of water's edge = b 

 0.00 0.00 0.00 0.00 0.00 0.00  
= [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2  Woody Vegetation Value from 330 ft to 660 ft = c 

 0.00 0.00 0.00 0.00 0.00 0.00  
=0.5 x  [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2  Winter Food   0.00 0.00 0.00 0.00 0.00 0.00  = (b + c)÷1.5   

Water Value 
 1.00 1.00 1.00 1.00 1.00 1.00  

= lowest S7 or S8 Average 
Lowest Life Requisite Value HSI= 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

                  
Wood Duck               

 Variable Name # Value Value Value Value Value Value  # of potentially suitable tree cavities per acre (minimum entrance 
dimensions of 3"x4" in live trees or snags) V1 0 0 0 0 0 0  
# of nest boxes per acre (artificial wood duck nest sites that are 
predator proof and maintained) V2 0 0 0 0 0 0  
(0.18 x V1) + (0.95 x V2) V3 0 0 0 0 0 0  % water surface covered by potential brood cover (shrub cover and 
overhanging tree crowns within 3.3 ft of water surface, woody 
downfall, and herbaceous vegetation) 

V4 0 0 0 0 0 0  

% water surface covered by potential winter cover (same for V4 
except that only winter persistent species should be considered in 
the herbaceous vegetation component) 

V5 0 0 0 0 0 0  

Riverine Model  SI SI SI SI SI SI Average 
Nesting Value SI3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Brooding Value SI4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Winter Cover Value SI5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

  HSI= See Wood Duck Multi-cover Type Worksheet 0.45 
                  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-22      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Riverine - Preferred Alignment           
 Species:  Beaver, Wood Duck, Belted Kingfisher 
 

Variable Area / Site number 
 61 62 63 64 65 66 
 Belted Kingfisher               
 Variable Name # Value Value Value Value Value Value  % of shoreline that is subject to severe wave action (frequently or 

constantly subject to waves that deter foraging) V1        
Avg. water transparency (secchi depth) V2 8 9 10 8 8 9  
% water surface obstruction (% of surface in 15m zone from shore 
that is shaded/covered by vegetation and debris) V3 1 1 2 1 2 1  
% of water area that is less than or equal to 60cm (24 in.) in depth in 
15m zone from shore during spring V4 5 5 6 4 4 4  
% riffles (% of stream length containing riffles) V5 0 0 0 0 0 0  Avg. number of lentic shoreline or stream subsections that contain 
one or more perches V6 1 2 1 0 0 0  
Distance to nearest suitable soil bank from 1km sections of lentic 
shoreline or stream  V7 0.01 0.01 0.01 0.01 0.01 0.01  

Riverine Model  SI SI SI SI SI SI  
  SI1          SI2 0.33 0.38 0.42 0.33 0.33 0.38  
  SI3 0.99 0.99 0.98 0.99 0.98 0.99    SI4 0.29 0.29 0.30 0.28 0.28 0.28    SI5 0.20 0.20 0.20 0.20 0.20 0.20    SI6 0.20 0.25 0.20 0.20 0.20 0.20    SI7 0.01 0.01 0.01 0.01 0.01 0.01  

Water Suitability Index (SIW)  0.27 0.28 0.29 0.26 0.26 0.27  = (SI2 x SI4 x SI5)1/3 x SI3   
Cover Suitability Index (SIC)  0.20 0.25 0.20 0.20 0.20 0.20  = SI6   

Reproduction Suitability Index (SIR)  0.01 0.01 0.01 0.01 0.01 0.01  = SI7  Average 
Lowest Life Requisite Value HSI= 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-23      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Lacustrine - Preferred Alignment           
 Species:  Beaver, Belted Kingfisher 
 

Variable Area / Site number 
 67 68 69 70 71 72 
 Beaver               
 Variable Name # Value Value Value Value Value Value  % Tree Canopy Closure V1 0 0 0 0 0 0  % of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class V2 0 0 0 0 0 0  % shrub crown cover V3 10 10 10 10 10 10  Avg. height of shrub canopy V4 10 10 15 12 15 12  

Species comp. of woody vegetation (trees and/or shrubs): A) Woody veg. 
dominated by one or more of the following species: aspen; willow/ 
cottonwood; or alder, B) Woody veg. dominated by other deciduous 
species, C) Woody veg. dominated by coniferous species 

V5 B B B B B B  

% of Lacustrine surface dominated by yellow and/or white water lily V6 0 0 0 0 0 0  
% Stream Gradient V7        Avg. water fluctuation on annual basis: A) Small fluctuations that have no 
effect on burrow or lodge entrances, B) Moderate fluctuations that affect 
burrow or lodge entrances, C)Extreme fluctuations or water absent during 
part of year 

V8 A A A A A A  

Shoreline development factor V9 1.14 1.14 1.14 1.14 1.14 1.14  
Lacustrine Model  SI SI SI SI SI SI  

  
  
  
  
  
  
  
  
  

SI1 0.00 0.00 0.00 0.00 0.00 0.00  
SI2 0.20 0.20 0.20 0.20 0.20 0.20  SI3 0.40 0.40 0.40 0.40 0.40 0.40  SI4 1.00 1.00 1.00 1.00 1.00 1.00  SI5 0.60 0.60 0.60 0.60 0.60 0.60  SI6 0.00 0.00 0.00 0.00 0.00 0.00  
SI7        SI8 1.00 1.00 1.00 1.00 1.00 1.00  
SI9 0.20 0.20 0.20 0.20 0.20 0.20  Woody Vegetation Value within 330 ft of water's edge = b 

 0.62 0.62 0.62 0.62 0.62 0.62  
= [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2  Woody Vegetation Value from 330 ft to 660 ft = c 

 0.62 0.62 0.62 0.62 0.62 0.62  
=0.5 x  [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2  Winter Food   0.82 0.82 0.82 0.82 0.82 0.82  

= [(b + c)÷ 1.5] + SI6   
Water Value 

 0.20 0.20 0.20 0.20 0.20 0.20  = lowest S8 or S9 Average 
Lowest Life Requisite Value HSI= 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

                  
Belted Kingfisher               

 Variable Name # Value Value Value Value Value Value 
 % of shoreline that is subject to severe wave action (frequently or 

constantly subject to waves that deter foraging) V1 0 0 0 0 0 0  
Avg. water transparency (secchi depth) V2 10 10 10 10 10 10  
% water surface obstruction (% of surface in 15m zone from shore that is 
shaded/covered by vegetation and debris) V3 27 27 34 25 30 23  
% of water area that is less than or equal to 60cm (24 in.) in depth in 15m 
zone from shore during spring V4 20 20 40 35 45 47  
% riffles (% of stream length containing riffles) V5        Avg. number of lentic shoreline or stream subsections that contain one or 
more perches V6 40 40 40 40 40 40  
Distance to nearest suitable soil bank from 1km sections of lentic 
shoreline or stream  V7 0.11 0.09 0.08 0.09 0.09 0.09  

Lacustrine Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  

SI1 1.00 1.00 1.00 1.00 1.00 1.00  SI2 0.40 0.40 0.40 0.40 0.40 0.40  SI3 0.73 0.73 0.66 0.75 0.70 0.77  SI4 0.40 0.40 0.55 0.51 0.59 0.60  
SI5        SI6 1.00 1.00 1.00 1.00 1.00 1.00  
SI7 0.06 0.05 0.04 0.05 0.05 0.05  Water Suitability Index (SIW)  0.29 0.29 0.31 0.34 0.34 0.38  

= (SI2 x SI4)1/2 x SI3   Cover Suitability Index (SIC)  1.00 1.00 1.00 1.00 1.00 1.00  = SI6   Reproduction Suitability Index (SIR)  0.06 0.05 0.04 0.05 0.05 0.05  = SI7  Average 
Lowest Life Requisite Value HSI= 0.06 0.05 0.04 0.05 0.05 0.05 0.05 

 

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.1-24      JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Cover Type: Cropland - Preferred Alignment      
 Species: Eastern Wild Turkey, Eastern Cottontail 
 

Variable Area / Site number 
 73 74 75 76 77 78 
 Eastern Wild Turkey 
 Variable Name # Value Value Value Value Value Value  % herbaceous canopy cover V1 100 98 95 98 97 94  average height of herbaceous canopy in summer (in) V2 3 32 24 3 9 8  

Distance to forest or tree savanna cover type (ft) V3 1500 122 110 120 450 1010  Number of hard mast producing trees/ha that are > 10" V4 0 0 0 0 0 0  
% canopy closure of soft mast producing trees V5 0 0 0 0 0 0  
% shrub crown cover V6 0 0 0 0 2 0  

V7  % shrub crown cover comprised of soft mast producing shrubs V8 0 0 0 0 100 0  Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops V9 C B B C C C  Overwinter crop management: A) >5% crop unharvested, B) 1  to 
5% of crop unharvested, C) crop harvested, spring plowed, D) 
crop harvested, fall plowed 

V10 C B A A A A  

% tree canopy cover V11 0 0 0 0 0 0  Average dbh of overstory trees (in) V12 0 0 0 0 0 0  % of forest canopy comprised of evergreens V13 0 0 0 0 0 0  Cropland Model  SI SI SI SI SI SI  
  
  
  
  
  
  
  
  
  
  
  
  
  

SI1 0.50 0.55 0.63 0.55 0.58 0.63  
SI2 0.15 1.00 1.00 0.15 0.50 0.45  SI3 0.00 1.00 1.00 1.00 0.00 0.00  
SI4 0.00 0.00 0.00 0.00 0.00 0.00  SI5 0.00 0.00 0.00 0.00 0.00 0.00  
SI6 0.00 0.00 0.00 0.00 0.10 0.00  SI7 1.00 1.00 1.00 1.00 1.00 1.00  SI8 0.40 0.40 0.40 0.40 1.00 0.40  SI9 0.00 0.50 0.50 0.00 0.00 0.00  SI10 0.50 0.80 1.00 1.00 1.00 1.00  

SI11 0.00 0.00 0.00 0.00 0.00 0.00  SI12 0.10 0.10 0.10 0.10 0.10 0.10  
SI13 1.00 1.00 1.00 1.00 1.00 1.00 Average 

Summer Food/Brood Value = (SI1 x SI2)1/2  0.27 0.74 0.79 0.29 0.54 0.53 0.53 
Fall/Winter/Spring Food Value                                                                    

= (([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7  0.00 0.00 0.00 0.00 0.05 0.00 0.01 

Cover Value = SI11 x SI12 X SI13  0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
HSI=                    See Eastern Wild Turkey Multi-Cover Type Worksheet  0.25 

                  
Eastern Cottontail               

 Variable Name # Value Value Value Value Value Value 
 % shrub crown closure (% of ground surface that is shaded by a 

vertical projection of canopies of woody veg. less than 5 m tall V1 0 0 0 0 2 0  
% tree canopy closure (% ground surface shaded by vertical 
projection of canopies of woody veg. greater than 5 m tall V2 0 0 0 0 0 0  
% canopy closure of persistent herbaceous veg. (% of ground 
surface shaded by vertical projection of all non-woody veg) V3 100 98 95 98 97 94  
Diversity index (a measure of amount of cover type edge within 
the study site. Ratio of cover type edge to total area…) V4        

Cropland Model  SI SI SI SI SI SI  
  
  
  

SI1 0.00 0.00 0.00 0.00 0.05 0.00  SI2 0.00 0.00 0.00 0.00 0.00 0.00  SI3 0.60 0.59 0.57 0.59 0.58 0.56 Average 
Winter Cover / Food Index = WCFI 

 0.60 0.59 0.57 0.59 0.62 0.56 0.59 = ((4 x SI1 + SI2) ÷ 5) + SI3 

 
HIS=                         See Eastern Cottontail Multi-cover Worksheet  0.59 
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LUCE BAYOU INTERBASIN TRANSFER PROJECT C.2-1 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Mitigation Site 
Eastern Wild Turkey Multi-cover Worksheet 

 

Cover Type   
Deciduous 

Forest 
(Wetlands) 

Deciduous 
Forest 

(Uplands) 

Evergreen 
Forest 

(Uplands) Grasslands Totals 
Area Used By Species (acres) 735 593 1,330 18 2,676 
Relative Area  

0.27 0.22 0.50 0.01 1.00 =Cover Type Area ÷ Total Area 
Summer Food/Brood Value (FBSI) 

0.42 0.56 0.06 0.63 Total (V14) From Cover Type Worksheet 
Adjusted FBSI 

0.11 0.12 0.03 0.00 0.27 =FBSI x Relative Area 
Fall/Winter/Spring Food (FWSSI) Value 

0.78 0.40 0.26 0.04 Total (V15) From Cover Type Worksheet 
Adjusted FWSSI 

0.21 0.09 0.13 0.00 0.43 =FWSSI x Relative Area 
Cover (CSI) Value 

0.47 0.65 0.31 0.00 Total (V16) From Cover Type Worksheet 
Adjusted CSI 

0.13 0.14 0.15 0.00 0.42 = CSI x Relative Area  

      
      % Area Providing Optimum Habitat for Life Requisite 

  Summer Food/Brood   
V14 27.14   =Sum of Adjusted FBSI   

  Fall/Winter/Spring Food   
V15 43.30   =Sum of Adjusted FWSSI   

  Cover   
V16 42.43   =Sum of Adjusted CSI    

  
      
      Overall Life Requisite Values 

   Summer Food/Brood 
SI14 1.00    Calculated for V14 from Model 

   Fall/Winter/Spring Food 
SI15 0.50    Calculated for V15 from Model 

   Cover 
SI16 0.78    Calculated for V16 from Model 

   Lowest Requisite Life Value HSI= 0.50 
    

 

 

 

 

 

 

 

 

 



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.2-2 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Preferred Alignment  
Eastern Wild Turkey Multi-cover Worksheet 

 

Cover Type   
Deciduous 

Forest 
(Wetlands) 

Deciduous 
Forest 

(Uplands) 

Evergreen 
Forest 

(Uplands) 
Grasslands Croplands Totals 

Area Used By Species (acres) 27 293 282 181 253 1,036 
Relative Area  

0.03 0.28 0.27 0.17 0.24 1.00 
=Cover Type Area ÷ Total Area 
Summer Food/Brood Value (FBSI) 0.59 0.25 0.17 0.33 0.53 Total 

(V14) From Cover Type Worksheet 
Adjusted FBSI 

0.02 0.07 0.05 0.06 0.13 0.32 
=FBSI x Relative Area 
Fall/Winter/Spring Food (FWSSI) Value 0.52 0.36 0.64 0.01 0.01 Total 

(V15) From Cover Type Worksheet 
Adjusted FWSSI 

0.01 0.10 0.17 0.00 0.00 0.29 
=FWSSI x Relative Area 
Cover (CSI) Value 0.35 0.66 0.06 0.00 0.00 Total 

(V16) From Cover Type Worksheet 
Adjusted CSI 0.01 0.19 0.02 0.00 0.00 0.21 = CSI x Relative Area  

       
       % Area Providing Optimum Habitat for Life Requisite    Summer Food/Brood   V14 31.82    =Sum of Adjusted FBSI      Fall/Winter/Spring Food   V15 29.40    =Sum of Adjusted FWSSI      Cover   V16 21.10    =Sum of Adjusted CSI       
       
       Overall Life Requisite Values     Summer Food/Brood SI14 1.00     Calculated for V14 from Model     Fall/Winter/Spring Food SI15 0.35     Calculated for V15 from Model     Cover SI16 0.25     Calculated for V16 from Model     Lowest Requisite Life Value HSI =  0.25     
 

 

 

 

 

 

 

 

 

 



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.2-3 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Mitigation Site 
Wood Duck Multi-cover Worksheet 

 

Cover Type   
Deciduous 

Forest 
(Wetlands) 

Deciduous 
Forest 

(Uplands) 

Herbaceous 
Wetlands Totals 

Area Used By Species (acres) 735 593 307 1,636 
Relative Area  0.45 0.36 0.19 1.00 =Cover Type Area ÷ Total Area 
Winter Cover Value Calculation 
Winter Cover Value  (SI5) 0.47 0.30 0.80 Total (S15) From Cover Type Worksheet 
Winter Cover Value Adjusted by Area 0.21 0.11 0.15 0.47 = SI5 x Relative Area  

     Nesting Value Calculation     Nesting Value (SI3) 0.13 0.10 0.20 

  
From Cover Type Worksheet 
Interspersion Index for Nesting* 

1.00 1.00 1.00 = 1 if Nesting Provided in Cover Type or within 0.5 
mi 
Usable Relative Area 0.45 0.36 0.19 Total  = Relative Area x Inspersion Index 
Nesting Value Adjusted by Usable Area 0.06 0.04 0.04 0.13 = SI3 x Usable Relative Area 
% Area in Optimum Condition for Nesting (V7) 

  
V7 13.49 = Sum of Adjusted Nesting Values x 100 

Overall Nesting Value (SI7) SI7 0.53 = Calculated for V7 from Model 

     Brooding Value Calculation     Brooding Value (SI4) 0.47 0.33 0.65 

  
From Cover Type Worksheet 
Interspersion Index for Brooding 

1.00 1.00 1.00 = 1 if Brooding Provided in Cover Type or Within 
0.5 mi 
Usable Relative Area 0.45 0.36 0.19 Total  = Relative Area x Inspersion Index 
Brooding Value Adjusted By Area 0.21 0.12 0.12 0.45 = SI4 x Relative Area 
% Area in Optimum Condition for Brooding 
(V8) 

  
V8 45.27 

= Sum of Adjusted Brooding Values x 100 
Overall Brooding Values (SI8) SI8 0.45 = Calculated for V8 from Model 

     
     Year-Round HIS Calculation     Breeding Suitability Value 

0.45    
= Lowest Life Requisite Value for Breeding (Nesting 
or Brooding)    
Winter Cover Suitability Value 0.47    
= Sum of Adjusted Winter Cover Values    Highest Life Requisite Value = HSI =  0.47     

  



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.2-4 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Preferred Alignment 
Wood Duck Multi-cover Worksheet 

 

Cover Type   
Deciduous 

Forest 
(Wetlands) 

Deciduous 
Forest 

(Uplands) 

Herbaceous 
Wetlands Riverine Totals 

Area Used By Species (acres) 27 293 12 1 334 
Relative Area  0.08 0.88 0.04 0.00 1.00 =Cover Type Area ÷ Total Area 
Winter Cover Value Calculation 
Winter Cover Value  (SI5) 0.23 0.43 0.53 0.00 Total (S15) From Cover Type Worksheet 
Winter Cover Value Adjusted by Area 0.02 0.38 0.02 0.00 0.42 = SI5 x Relative Area  

      Nesting Value Calculation      Nesting Value (SI3) 0.05 0.09 0.00 0.00 

  
From Cover Type Worksheet 
Interspersion Index for Nesting* 

1.00 1.00 1.00 1.00 = 1 if Nesting Provided in Cover Type or 
within 0.5 mi 
Usable Relative Area 0.08 0.88 0.04 0.00 Total  = Relative Area x Inspersion Index 
Nesting Value Adjusted by Usable Area 0.00 0.08 0.00 0.00 0.08 = SI3 x Usable Relative Area 
% Area in Optimum Condition for Nesting 
(V7) 

  
V7 8.30 

= Sum of Adjusted Nesting Values x 100 
Overall Nesting Value (SI7) SI7 0.45 = Calculated for V7 from Model 

      Brooding Value Calculation      Brooding Value (SI4) 0.75 0.43 0.58 0.00   From Cover Type Worksheet 
Interspersion Index for Brooding 

1.00 1.00 1.00 1.00   = 1 if Brooding Provided in Cover Type or 
Within 0.5 mi 
Usable Relative Area 0.08 0.88 0.04 0.00 Total  = Relative Area x Inspersion Index 
Brooding Value Adjusted By Area 0.06 0.38 0.02 0.00 0.46 = SI4 x Relative Area 
% Area in Optimum Condition for Brooding 
(V8)       V8 46.27 
= Sum of Adjusted Brooding Values x 100 
Overall Brooding Values (SI8)       SI8 0.46 = Calculated for V8 from Model 

      
      Year-Round HIS Calculation      Breeding Suitability Value 

0.45     
= Lowest Life Requisite Value for Breeding 
(Nesting or Brooding)     
Winter Cover Suitability Value 0.42     
= Sum of Adjusted Winter Cover Values     Highest Life Requisite Value = HSI =  0.45        



 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.2-5 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 

Mitigation Site 
Eastern Cottontail Multi-cover Worksheet 

 

Cover Type   
Deciduous 

Forest 
(Uplands) 

Evergreen 
Forest 

(Uplands) 
Grasslands Totals 

Winter Cover/Food Value Calculation 
Area Used By Species (acres) 593 1,330 18 1,941 
Relative Area 

0.31 0.69 0.01 1.00 
= Cover Type Area ÷ Total Area 
Winter Cover/Food Value (WCFI) 

1.00 0.88 0.34 Total 
From Cover Type Worksheet 
Weighted WCFI 

0.31 0.61 0.00 0.91 
= WCFI x Relative Area 
HSI = Weighted WCFI Total if all cover Types Provide WCFI   0.91 
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Preferred Alignment 
Eastern Cottontail Multi-cover Worksheet 

 

Cover Type    
Deciduous 

Forest 
(Uplands) 

Evergreen 
Forest 

(Uplands) 
Grasslands Croplands Totals 

Winter Cover/Food Value Calculation 
Area Used By Species (acres) 293 281 181 253 1,008 
Relative Area 

0.29 0.28 0.18 0.25 0.75 
= Cover Type Area ÷ Total Area 
Winter Cover/Food Value (WCFI) 

1.00 0.74 0.51 0.59 Total 
From Cover Type Worksheet 
Weighted WCFI 

0.29 0.21 0.09 0.15 0.59 
= WCFI x Relative Area 
HSI = Weighted WCFI Total if all cover Types Provide WCFI     0.59 
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LUCE BAYOU INTERBASIN TRANSFER PROJECT C.3-1 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 
 

Cover Type: Deciduous Forest (Wetlands) - Mitigation Site                     
Species: Eastern Wild Turkey, Beaver, Wood Duck, Raccoon              

Variable 
Area / Site number Target Year       

1 2 3 4 5 6 15 YR 30YR   50YR         

Eastern Wild Turkey               

Variable Name # Value Value Value Value Value Value Value Value Value       

% herbaceous canopy cover V1 50 18 74 45 10 55 65 45 25       

average height of herbaceous canopy in summer (in) V2 18 6 5 6 18 12 10 10 6       

Distance to forest or tree savanna cover type (ft) V3                           

Number of hard mast producing trees/ha that are > 10" V4 135 1 16 18 60 55 0 5 20       

% canopy closure of soft mast producing trees V5 5 74 55 78 55 40 50 65 65       

% shrub crown cover 
V6 

23 41 21 12 10 55 40 30 20 
      

V7       

% shrub crown cover comprised of soft mast producing shrubs V8 8 100 100 100 8 55 15 20 30       

Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops V9                           
Overwinter crop management: A) >5% crop unharvested, B) 1  to 
5% of crop unharvested, C) crop harvested, spring plowed, D) crop 
harvested, fall plowed 

V10                           

% tree canopy cover V11 65 81 44 68 80 40 45 70 80       

Average dbh of overstory trees (in) V12 22 10 13 11 5 12 4 8 14       

% of forest canopy comprised of evergreens V13 0 0 0 0 0 10 0 0 0       

Deciduous Forest (Wetlands) Model   SI SI SI SI SI SI SI SI SI       

  

SI1 0.85 0.00 1.00 0.70 0.00 1.00 1.00 0.70 0.15       
SI2 0.95 0.25 0.20 0.25 0.95 0.55 0.48 0.48 0.25       
SI3                           
SI4 0.45 0.00 0.03 0.05 0.10 0.13 0.00 0.00 0.05       
SI5 0.10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00       
SI6 1.00 1.00 1.00 0.50 0.40 1.00 1.00 1.00 1.00       
SI7 1.00 1.00 1.00 1.00 1.00 0.80 1.00 1.00 1.00       
SI8 0.45 1.00 1.00 1.00 0.45 0.73 0.49 0.52 0.58       
SI9                           

SI10                           
SI11 1.00 1.00 0.90 1.00 1.00 0.75 0.88 1.00 1.00       
SI12 1.00 0.75 1.00 0.90 0.10 1.00 0.10 0.50 1.00         
SI13 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0 YR 15 YR 30YR   50YR   

Summer Food/Brood Value = (SI1 x SI2)1/2   0.90 0.00 0.45 0.42 0.00 0.74 0.69 0.58 0.19 0.42 0.46 0.44 0.39 
Fall/Winter/Spring Food Value                                                                    

= (([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7   0.50 1.00 1.01 0.78 0.64 0.74 0.75 0.76 0.82 0.78 0.77 0.78 0.78 

Cover Value = SI11 x SI12 X SI13   1.00 0.75 0.90 0.90 0.10 0.75 0.09 0.50 1.00 0.73 0.64 0.70 0.77 

  HSI=                                      See Eastern Wild Turkey Multi-Cover Type Worksheet  0.50 0.55 0.57 0.60 

  



 
 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.3-2 JANUARY 2012 
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Beaver                             

Variable Name # Value Value Value Value Value Value Value Value Value       

% Tree Canopy Closure V1 65 81 42 74 80 45 45 70 80       

% of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class V2 30 26 86 70 78 80 98 50 10       

% shrub crown cover V3 23 41 26 12 10 55 40 30 20       

Avg. height of shrub canopy V4 20 13 12 12 9 8 8 15 25       
Species comp. of woody vegetation (trees and/or shrubs): A) 
Woody veg. dominated by one or more of the following species: 
aspen; willow/ cottonwood; or alder, B) Woody veg. dominated by 
other deciduous species, C) Woody veg. dominated by coniferous 
species 

V5 B B B B B B B B B       

% of Lacustrine surface dominated by yellow and/or white water 
lily V6                           

% Stream Gradient V7                           
Avg. water fluctuation on annual basis: A) Small fluctuations that 
have no effect on burrow or lodge entrances, B) Moderate 
fluctuations that affect burrow or lodge entrances, C)Extreme 
fluctuations or water absent during part of year 

V8 A B C A C C C C C       

Shoreline development factor V9                           

Deciduous Forest (Wetlands) Model   SI SI SI SI SI SI SI SI SI       

  SI1 0.95 0.75 1.00 0.80 0.75 1.00 1.00 0.88 0.75       

  SI2 0.45 0.40 0.85 0.75 0.83 0.85 0.98 0.60 0.28       

  SI3 0.70 1.00 0.70 0.40 0.40 1.00 1.00 0.80 0.60       

  SI4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00       

  SI5 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60       

  SI6                           

  SI7                           

  SI8 1.00 0.50 0.00 1.00 0.00 0.00 0.00 0.00 0.00       

  SI9                           

Woody Vegetation Value within wetland = a   
1.33 1.35 1.45 1.30 1.30 1.52 1.55 1.39 1.21 

      

= [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2         

Woody Vegetation Value within 330 ft of water's edge = b   1.33 1.35 1.45 1.30 1.30 1.52 1.55 1.39 1.21 
      

= [(SI1 x SI2)1/2 x SI5]1/2 + [(SI3 x SI4)1/2 x SI5]1/2       

Woody Vegetation Value from 330 ft to 660 ft = c   1.02 1.06 1.08 0.96 0.96 1.15 1.16 1.06 0.94 
      

=0.5 x  [(SI1 x SI2)1/2 x SI5]1/2 + [(SI3 x SI4)1/2 x SI5]1/2       

Winter Food    
1.48 1.50 1.59 1.42 1.43 1.67 1.70 1.54 1.34 

      

= (a + b + c)÷ 2.5         

Water Value   1.00 0.50 0.00 1.00 0.00 0.00 0.00 0.00 0.00 
      

=S18 0 YR 15 YR 30YR   50YR   

Lowest Life Requisite Index HSI =  1.00 0.50 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.36 0.21 0.19 0.17 
                              

Wood Duck                             

Variable Name # Value Value Value Value Value Value Value Value Value       
# of potentially suitable tree cavities per acre (minimum entrance 
dimensions of 3"x4" in live trees or snags) V1 15.00 1.00 1.00 1.00 2.00 0.00 1.00 2.00 5.00       

# of nest boxes per acre (artificial wood duck nest sites that are 
predator proof and maintained) V2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00       

(0.18 x V1) + (0.95 x V2) V3 2.70 0.18 0.18 0.18 0.36 0.00 0.18 0.36 0.90       
% water surface covered by potential brood cover (shrub cover and 
overhanging tree crowns within 3.3 ft of water surface, woody 
downfall, and herbaceous vegetation) 

V4 30.00 18.00 31.00 53.00 8.00 0.00 50.00 30.00 15.00       

% water surface covered by potential winter cover (same for V4 
except that only winter persistent species should be considered in 
the herbaceous vegetation component) 

V5 30.00 18.00 31.00 53.00 3.00 0.00 10.00 10.00 10.00         

Deciduous Forest (Wetlands) Model   SI SI SI SI SI SI SI SI SI 0 YR 15 YR 30YR   50YR   

Nesting Value SI3 0.50 0.05 0.05 0.05 0.15 0.00 0.04 0.07 0.18 0.13 0.12 0.12 0.14 

Brooding Value SI4 0.60 0.40 0.60 1.00 0.20 0.00 1.00 0.60 0.30 0.52 0.54 0.49 0.44 

Winter Cover Value SI5 0.60 0.40 0.60 1.00 0.20 0.00 0.20 0.20 0.20 0.38 0.43 0.43 0.43 

  HSI =   See Wood Duck Multi-cover Type Worksheet       0.47 0.47 0.43 0.40 
                              

Raccoon                             

Variable Name # Value Value Value Value Value Value Value Value Value       

Distance to water (mi.) V1 0.64 0.36 0.15 0.33 0.38 0.12 0.15 0.15 0.15       
Water Regime: A) Permanent water,  B) Semi-permanent water, C) 
No water or ephemeral flooding V2 C A B A B C C C C       

Overstory forest size class: A)Saplings (less than 15cm dbh), B) 
Pole timber (15 to 25 cm dbh), C) Saw timer (25 to 50 cm dbh), D) 
Mature trees (50+ cm dbh) 

V3 D B B C C B A B C       

# refuge sites per 0.4 ha (#/acre) V4 25 21 14 23 4 16 5 10 15       

Deciduous Forest (Wetlands) Model   SI SI SI SI SI SI SI SI SI       
  SI1 0.85 0.93 0.98 0.95 0.93 0.98 0.98 0.98 0.98       

  SI2 0.10 1.00 0.50 1.00 0.50 0.10 1.00 0.50 0.10       

  SI3 1.00 0.20 0.20 0.70 0.70 0.20 0.10 0.20 0.70       

  SI4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00       

Winter Value = (SI1 x SI2)1/2   0.29 0.96 0.70 0.97 0.68 0.31 0.99 0.70 0.31       

Cover Reproduction Value    1.00 0.60 0.60 0.85 0.85 0.60 0.55 0.60 0.85 
      

= (SI3 + SI4) ÷ 2 0 YR 15 YR 30YR   50YR   
Lowest Life Requisite Value HSI =  0.29 0.60 0.60 0.85 0.68 0.31 0.55 0.60 0.31 0.52 0.59 0.60 0.56 
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Cover Type: Grasslands - Preferred Alignment      
Species: Eastern Wild Turkey, Eastern Cottontail 

Variable Target Year       
9 YR 10 YR 50YR 

  
  

Eastern Wild Turkey 
Variable Name # Value Value Value    % herbaceous canopy cover V1 10 100 100    average height of herbaceous canopy in summer (in) V2 3 3 3    
Distance to forest or tree savanna cover type (ft) V3 150 150 150    Number of hard mast producing trees/ha that are > 10" V4 0 0 0    
% canopy closure of soft mast producing trees V5 0 0 0    
% shrub crown cover V6 0 0 0    V7 
% shrub crown cover comprised of soft mast producing shrubs V8 0 0 0    Type of Crop: A) Corn/Soybeans, B) other grains, C) other crops V9       Overwinter crop management: A) >5% crop unharvested, B) 1  to 5% of crop 
unharvested, C) crop harvested, spring plowed, D) crop harvested, fall plowed V10       
% tree canopy cover V11 0 0 0    Average dbh of overstory trees (in) V12 0 0 0    
% of forest canopy comprised of evergreens V13 0 0 0    Grasslands Model  SI SI SI    
  
  
  
  
  
  
  
  
  
  
  
  
  

SI1 0.00 0.50 0.50    SI2 0.15 0.15 0.15    
SI3 1.00 1.00 1.00    SI4 0.00 0.00 0.00    SI5 0.00 0.00 0.00    SI6 0.00 0.00 0.00    SI7 1.00 1.00 1.00    
SI8 0.40 0.40 0.40    SI9       

SI10       SI11 0.00 0.00 0.00    
SI12 0.00 0.00 0.00    SI13 1.00 1.00 1.00 9 YR 10 YR 50YR 

Summer Food/Brood Value = (SI1 x SI2)1/2  0.00 0.27 0.27 0.00 0.27 0.27 
Fall/Winter/Spring Food Value                                                                                          

=([SI4 + SI5) + (SI6 x SI8)] ÷ 2) x SI7  0.00 0.00 0.00 0.00 0.00 0.00 

Cover Value = SI11 x SI12 X SI13  0.00 0.00 0.00 0.00 0.00 0.00 
See Eastern Wild Turkey Multi-Cover Type Worksheet HSI=    0.0 0.0 0.0 

         Eastern Cottontail        
Variable Name # Value Value Value    % shrub crown closure (% of ground surface that is shaded by a vertical projection 
of canopies of woody veg. less than 5 m tall V1 0 0 0    
% tree canopy closure (% ground surface shaded by vertical projection of canopies 
of woody veg. greater than 5 m tall V2 0 0 0    
% canopy closure of persistent herbaceous veg. (% of ground surface shaded by 
vertical projection of all non-woody veg) V3 10 100 100    
Diversity index (a measure of amount of cover type edge within the study site. Ratio 
of cover type edge to total area…) V4       

Grasslands Model  SI SI SI    
  SI1 0.00 0.00 0.00      SI2 0.00 0.00 0.00    
  SI3 0.06 0.60 0.60    Winter Cover / Food Index = WCFI 

 0.06 0.60 0.60    
= ((4 x SI1 + SI2) ÷ 5) + SI3 9 YR 10 YR 50YR 

See Eastern Cottontail Multi-cover Worksheet HSI =    0.44 0.52 0.52 
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Cover Type: Riverine - Preferred Alignment           
Species:  Beaver, Wood Duck, Belted Kingfisher 

Variable Target Year   
9 YR 10 YR 50YR    Beaver         

Variable Name # Value Value Value    % Tree Canopy Closure V1 0 0 0    
% of trees in 2.5 to 15.2 cm (1 to 6 inches) dbh size class V2 0 0 0    % shrub crown cover V3 0 0 0    Avg. height of shrub canopy V4 0 0 0    Species comp. of woody vegetation (trees and/or shrubs): A) Woody veg. 
dominated by one or more of the following species: aspen; willow/ 
cottonwood; or alder, B) Woody veg. dominated by other deciduous 
species, C) Woody veg. dominated by coniferous species 

V5 C C C    

% of Lacustrine surface dominated by yellow and/or white water lily V6       
% Stream Gradient V7 0.5 0.5 0.5    Avg. water fluctuation on annual basis: A) Small fluctuations that have no 
effect on burrow or lodge entrances, B) Moderate fluctuations that affect 
burrow or lodge entrances, C)Extreme fluctuations or water absent 
during part of year 

V8 A A A    

Shoreline development factor V9       
Riverine Model  SI SI SI    

  
  
  
  
  
  
  
  
  

SI1 0.00 0.00 0.00    
SI2 0.20 0.20 0.20    SI3 0.20 0.20 0.20    
SI4 0.00 0.00 0.00    SI5 0.00 0.00 0.00    SI6       SI7 1.00 1.00 1.00    SI8 1.00 1.00 1.00    
SI9       Woody Vegetation Value within 330 ft of water's edge = b 

 0.00 0.00 0.00    = [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2 
Woody Vegetation Value from 330 ft to 660 ft = c 

 0.00 0.00 0.00    =0.5 x  [(S1 x S2)1/2 x S5]1/2 + [(S3 x S4)1/2 x S5]1/2 
Winter Food   0.00 0.00 0.00    = (b + c)÷1.5  Water Value 

 1.00 1.00 1.00    = lowest S7 or S8 
Lowest Life Requisite Index HSI= 0.00 0.00 0.00              

Wood Duck         Variable Name # Value Value Value    
# of potentially suitable tree cavities per acre (minimum entrance 
dimensions of 3"x4" in live trees or snags) V1 0 0 0    
# of nest boxes per acre (artificial wood duck nest sites that are predator 
proof and maintained) V2 0 0 0    
(0.18 x V1) + (0.95 x V2) V3 0 0 0    % water surface covered by potential brood cover (shrub cover and 
overhanging tree crowns within 3.3 ft of water surface, woody downfall, 
and herbaceous vegetation) 

V4 0 0 0    

% water surface covered by potential winter cover (same for V4 except 
that only winter persistent species should be considered in the 
herbaceous vegetation component) 

V5 0 0 0    

Riverine Model  SI SI SI    
Nesting Value SI3 0.00 0.00 0.00    Brooding Value SI4 0.00 0.00 0.00    

Winter Cover Value SI5 0.00 0.00 0.00 9 YR 10 YR 50YR 
  HSI =  See Wood Duck Multi-cover Type Worksheet  0.00 0.00 0.00 
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Belted Kingfisher               
Variable Name # Value Value Value 

   % of shoreline that is subject to severe wave action (frequently or 
constantly subject to waves that deter foraging) V1          
Avg. water transparency (secchi depth) V2 10 10 10       
% water surface obstruction (% of surface in 15m zone from shore that is 
shaded/covered by vegetation and debris) V3 5 5 5      

% of water area that is less than or equal to 60cm (24 in.) in depth in 15m 
zone from shore during spring V4 5 5 5      

% riffles (% of stream length containing riffles) V5 0 0 0   
 

  
Avg. number of lentic shoreline or stream subsections that contain one or 
more perches V6 1 1 1   

 
  

Distance to nearest suitable soil bank from 1km sections of lentic 
shoreline or stream  V7 0.01 0.01 0.01   

 
  

Riverine Model  SI SI SI 
  

  
  SI1          
  SI2 0.38 0.38 0.38 

  
  

  SI3 0.98 0.98 0.98 
  

  
  SI4 0.28 0.28 0.28 

  
  

  SI5 0.20 0.20 0.20 
  

  
  SI6 0.20 0.20 0.20 

  
  

  SI7 0.01 0.01 0.01 
  

  
Water Suitability Index (SIW)  0.27 0.27 0.27 

  
  = (SI2 x SI4 x SI5)1/3 x SI3  Cover Suitability Index (SIC)  0.20 0.20 0.20 

  
  = SI6  Reproduction Suitability Index (SIR)  0.01 0.01 0.01 

  
  = SI7  Lowest Life Requisite Index  HSI = 0.01 0.01 0.01       

 

 



 
 
 
 
 
 
 
 
 
 
 
 

Appendix C.4 
     
 

Projected Multi-cover 
Worksheets 
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Mitigation Site Y15 
Eastern Wild Turkey Multi-Cover Worksheet 

 

Cover Type   
Deciduous 

Forest 
(Wetlands) 

Deciduous 
Forest 

(Uplands) 

Evergreen 
Forest 

(Uplands) 
Grasslands Totals 

Area Used By Species (acres) 1042 593 1330 18 2983 
Relative Area  

0.39 0.22 0.50 0.01 1.11 
=Cover Type Area ÷ Total Area 
Summer Food/Brood Value (FBSI) 0.46 0.56 0.06 0.63 Total 

(V14) From Cover Type Worksheet 
Adjusted FBSI 

0.18 0.12 0.03 0.00 0.33 
=FBSI x Relative Area 
Fall/Winter/Spring Food (FWSSI) Value 0.78 0.40 0.26 0.04 Total 

(V15) From Cover Type Worksheet 
Adjusted FWSSI 

0.30 0.09 0.13 0.00 0.52 
=FWSSI x Relative Area 
Cover (CSI) Value 0.64 0.65 0.31 0.00 Total 

(V16) From Cover Type Worksheet 
Adjusted CSI 0.25 0.14 0.15 0.00 0.55 = CSI x Relative Area  

      
      % Area Providing Optimum Habitat for Life Requisite 

  Summer Food/Brood   
V14 33.44   =Sum of Adjusted FBSI   

  Fall/Winter/Spring Food   
V15 52.21   =Sum of Adjusted FWSSI   

  Cover   
V16 54.57   =Sum of Adjusted CSI    

  
      
      Overall Life Requisite Values 

   Summer Food/Brood 
SI14 1    Calculated for V14 from Model 

   Fall/Winter/Spring Food 
SI15 0.6    Calculated for V15 from Model 

   Cover 
SI16 1    Calculated for V16 from Model 

   Lowest Requisite Life Value HSI =  0.6 
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Mitigation Site Y30  
Eastern Wild Turkey Multi-Cover Worksheet 

 

 

 

Cover Type   Deciduous 
Forest 

(Wetlands) 

Deciduous 
Forest 

(Uplands) 

Evergreen 
Forest 

(Uplands) 
Grasslands Totals 

 Area Used By Species (acres) 1042 593 1330 18 2983 
 Relative Area  

0.39 0.22 0.50 0.01 1.11  =Cover Type Area ÷ Total Area 
 Summer Food/Brood Value (FBSI) 0.44 0.56 0.06 0.63 Total (V14)  From Cover Type Worksheet 
 Adjusted FBSI 

0.17 0.12 0.03 0.00 0.33  =FBSI x Relative Area 
 Fall/Winter/Spring Food (FWSSI) Value 0.78 0.40 0.26 0.04 Total (V15)  From Cover Type Worksheet 
 Adjusted FWSSI 

0.30 0.09 0.13 0.00 0.52  =FWSSI x Relative Area 
 Cover (CSI) Value 0.70 0.65 0.31 0.00 Total (V16)  From Cover Type Worksheet 
 Adjusted CSI 0.27 0.14 0.15 0.00 0.57  = CSI x Relative Area  
               % Area Providing Optimum Habitat for Life Requisite 

   Summer Food/Brood   V14 32.82    =Sum of Adjusted FBSI   
   Fall/Winter/Spring Food   V15 52.11    =Sum of Adjusted FWSSI   
   Cover   V16 56.86    =Sum of Adjusted CSI    
                 Overall Life Requisite Values 

    Summer Food/Brood SI14 1     Calculated for V14 from Model 
    Fall/Winter/Spring Food SI15 0.6     Calculated for V15 from Model 
    Cover SI16 1     Calculated for V16 from Model 
    Lowest Requisite Life Value HSI = 0.6 
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Mitigation Site Y50 
Eastern Wild Turkey Multi-Cover Worksheet 

 

Cover Type   
Deciduous 

Forest 
(Wetlands) 

Deciduous 
Forest 

(Uplands) 

Evergreen 
Forest 

(Uplands) 
Grasslands Totals 

Area Used By Species (acres) 1042 593 1330 18 2983 
Relative Area  

0.39 0.22 0.50 0.01 1.11 
=Cover Type Area ÷ Total Area 
Summer Food/Brood Value (FBSI) 0.39 0.56 0.06 0.63 Total (V14) From Cover Type Worksheet 
Adjusted FBSI 

0.15 0.12 0.03 0.00 0.31 
=FBSI x Relative Area 
Fall/Winter/Spring Food (FWSSI) Value 0.78 0.40 0.26 0.04 Total (V15) From Cover Type Worksheet 
Adjusted FWSSI 

0.30 0.09 0.13 0.00 0.52 
=FWSSI x Relative Area 
Cover (CSI) Value 0.77 0.65 0.31 0.00 Total (V16) From Cover Type Worksheet 
Adjusted CSI 0.30 0.14 0.15 0.00 0.60 = CSI x Relative Area  

      
      % Area Providing Optimum Habitat for Life Requisite 

  Summer Food/Brood   V14 30.69   =Sum of Adjusted FBSI   
  Fall/Winter/Spring Food   V15 52.42   =Sum of Adjusted FWSSI   
  Cover   V16 59.64   =Sum of Adjusted CSI    
  

      
      Overall Life Requisite Values 

   Summer Food/Brood SI14 1    Calculated for V14 from Model 
   Fall/Winter/Spring Food SI15 0.60    Calculated for V15 from Model 
   Cover SI16 1    Calculated for V16 from Model 
   Lowest Requisite Life Value HSI = 0.60 
    

  



 
 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.4-4 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 
 

Preferred Alignment Y7 
Eastern Wild Turkey Multi-Cover Worksheet 

 

Cover Type    
Grasslands Totals 

 Area Used By Species (acres) 703 703 
 Relative Area  

1 1  =Cover Type Area ÷ Total Area 
 Summer Food/Brood Value (FBSI) 0.33 Total  From Cover Type Worksheet 
 Adjusted FBSI 

0.33 0.33  =FBSI x Relative Area 
 Fall/Winter/Spring Food (FWSSI) Value 0.00 Total  From Cover Type Worksheet 
 Adjusted FWSSI 

0 0  =FWSSI x Relative Area 
 Cover (CSI) Value 0.00 Total  From Cover Type Worksheet 
 Adjusted CSI 0 0  = CSI x Relative Area  
 

    
    % Area Providing Optimum Habitat for Life Requisite 
Summer Food/Brood   V14 33.37 =Sum of Adjusted FBSI   
Fall/Winter/Spring Food   V15 0 =Sum of Adjusted FWSSI   
Cover   V16 0 =Sum of Adjusted CSI    

    
    Overall Life Requisite Values 

 Summer Food/Brood SI14 1  Calculated for V14 from Model 
 Fall/Winter/Spring Food SI15 0  Calculated for V15 from Model 
 Cover SI16 0  Calculated for V16 from Model 
 Lowest Requisite Life Value HSI= 0 
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Preferred Alignment Y9 
Eastern Wild Turkey Multi-Cover Worksheet 

 

Cover Type     
Grasslands Totals 

 Area Used By Species (acres) 703 703 
 Relative Area  

1 1  =Cover Type Area ÷ Total Area 
 Summer Food/Brood Value (FBSI) 0.33 Total  From Cover Type Worksheet 
 Adjusted FBSI 

0.33 0.33  =FBSI x Relative Area 
 Fall/Winter/Spring Food (FWSSI) Value 0.00 Total  From Cover Type Worksheet 
 Adjusted FWSSI 

0 0  =FWSSI x Relative Area 
 Cover (CSI) Value 0.00 Total  From Cover Type Worksheet 
 Adjusted CSI 0 0  = CSI x Relative Area  
 

    
    % Area Providing Optimum Habitat for Life Requisite 
Summer Food/Brood   V14 33.37 =Sum of Adjusted FBSI   
Fall/Winter/Spring Food   V15 0 =Sum of Adjusted FWSSI   
Cover   V16 0 =Sum of Adjusted CSI    

    
    Overall Life Requisite Values 

 Summer Food/Brood SI14 1  Calculated for V14 from Model 
 Fall/Winter/Spring Food SI15 0  Calculated for V15 from Model 
 Cover SI16 0  Calculated for V16 from Model 
 Lowest Requisite Life Value HSI= 0 
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Preferred Alignment Y10 
Eastern Wild Turkey Multi-Cover Worksheet 

 

Cover Type    
Grasslands Totals 

 Area Used By Species (acres) 703 703 
 Relative Area  

1 1  =Cover Type Area ÷ Total Area 
 Summer Food/Brood Value (FBSI) 0.33 Total  From Cover Type Worksheet 
 Adjusted FBSI 

0.33 0.33  =FBSI x Relative Area 
 Fall/Winter/Spring Food (FWSSI) Value 0.00 Total  From Cover Type Worksheet 
 Adjusted FWSSI 

0 0  =FWSSI x Relative Area 
 Cover (CSI) Value 0.00 Total  From Cover Type Worksheet 
 Adjusted CSI 0 0  = CSI x Relative Area  
 

    
    % Area Providing Optimum Habitat for Life Requisite 
Summer Food/Brood   V14 33.37 =Sum of Adjusted FBSI   
Fall/Winter/Spring Food   V15 0 =Sum of Adjusted FWSSI   
Cover   V16 0 =Sum of Adjusted CSI    

    
    Overall Life Requisite Values 

 Summer Food/Brood SI14 1  Calculated for V14 from Model 
 Fall/Winter/Spring Food SI15 0  Calculated for V15 from Model 
 Cover SI16 0  Calculated for V16 from Model 
 Lowest Requisite Life Value HSI= 0 
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Preferred Alignment Y50 
Eastern Wild Turkey Multi-Cover Worksheet 

 

Cover Type     
Grasslands Totals 

 Area Used By Species (acres) 703 703 
 Relative Area  

1 1  =Cover Type Area ÷ Total Area 
 Summer Food/Brood Value (FBSI) 0.33 Total  From Cover Type Worksheet 
 Adjusted FBSI 

0.33 0.33  =FBSI x Relative Area 
 Fall/Winter/Spring Food (FWSSI) Value 0.00 Total  From Cover Type Worksheet 
 Adjusted FWSSI 

0 0  =FWSSI x Relative Area 
 Cover (CSI) Value 0.00 Total  From Cover Type Worksheet 
 Adjusted CSI 0 0  = CSI x Relative Area  
 

    
    % Area Providing Optimum Habitat for Life Requisite 
Summer Food/Brood   V14 33.37 =Sum of Adjusted FBSI   
Fall/Winter/Spring Food   V15 0 =Sum of Adjusted FWSSI   
Cover   V16 0 =Sum of Adjusted CSI    

    
    Overall Life Requisite Values 

 Summer Food/Brood SI14 1  Calculated for V14 from Model 
 Fall/Winter/Spring Food SI15 0  Calculated for V15 from Model 
 Cover SI16 0  Calculated for V16 from Model 
 Lowest Requisite Life Value HSI=  0 
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Mitigation Site Y15 
Wood Duck Multi-Cover Worksheet 

 

Cover Type  Deciduous 
Forest 

(Wetlands) 

Deciduous 
Forest 

(Uplands) 

Herbaceous 
Wetlands Totals 

Area Used By Species (acres) 1042 593 0 1635 
Relative Area  0.64 0.36 0.00 1.00 =Cover Type Area ÷ Total Area 
Winter Cover Value Calculation 
Winter Cover Value  (SI5) 0.43 0.30 0.00 Total (S15) From Cover Type Worksheet 
Winter Cover Value Adjusted by Area 0.27 0.11 0.00 0.38 = SI5 x Relative Area  

     Nesting Value Calculation 
    Nesting Value (SI3) 0.12 0.10 0.00 

 

From Cover Type Worksheet 
Interspersion Index for Nesting* 

1.00 1.00 1.00 = 1 if Nesting Provided in Cover Type or within 0.5 
mi 
Usable Relative Area 0.64 0.36 0.00 Total  = Relative Area x Inspersion Index 
Nesting Value Adjusted by Usable Area 0.08 0.04 0.00 0.11 = SI3 x Usable Relative Area 
% Area in Optimum Condition for Nesting (V7) 

 

V7 11.31 
= Sum of Adjusted Nesting Values x 100 
Overall Nesting Value (SI7) 

SI7 0.53 
= Calculated for V7 from Model 

     Brooding Value Calculation 
    Brooding Value (SI4) 0.54 0.33 0.00 

 

From Cover Type Worksheet 
Interspersion Index for Brooding 

1.00 1.00 1.00 = 1 if Brooding Provided in Cover Type or Within 0.5 
mi 
Usable Relative Area 0.64 0.36 0.00 Total  = Relative Area x Inspersion Index 
Brooding Value Adjusted By Area 0.35 0.12 0.00 0.47 = SI4 x Relative Area 
% Area in Optimum Condition for Brooding (V8) 

 

V8 46.67 = Sum of Adjusted Brooding Values x 100 
Overall Brooding Values (SI8) SI8 0.47 = Calculated for V8 from Model 

     
     Year-Round HIS Calculation 

    Breeding Suitability Value 
0.47    = Lowest Life Requisite Value for Breeding (Nesting 

or Brooding) 
   Winter Cover Suitability Value 0.38    = Sum of Adjusted Winter Cover Values 
   Highest Life Requisite Value = HSI =  0.47 
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Mitigation Site Y30 
Wood Duck Multi-Cover Worksheet 

 

Cover Type  Deciduous 
Forest 

(Wetlands) 

Deciduous 
Forest 

(Uplands) 

Herbaceous 
Wetlands Totals 

Area Used By Species (acres) 1042 593 0 1635 
Relative Area  0.64 0.36 0.00 1.00 =Cover Type Area ÷ Total Area 
Winter Cover Value Calculation 
Winter Cover Value  (SI5) 0.43 0.30 0.00 Total (S15) From Cover Type Worksheet 
Winter Cover Value Adjusted by Area 0.27 0.11 0.00 0.38 = SI5 x Relative Area  

     Nesting Value Calculation 
    Nesting Value (SI3) 0.12 0.10 0.00 

 

From Cover Type Worksheet 
Interspersion Index for Nesting* 

1.00 1.00 1.00 = 1 if Nesting Provided in Cover Type or within 0.5 
mi 
Usable Relative Area 0.64 0.36 0.00 Total  = Relative Area x Inspersion Index 
Nesting Value Adjusted by Usable Area 0.08 0.04 0.00 0.12 = SI3 x Usable Relative Area 
% Area in Optimum Condition for Nesting (V7) 

 

V7 11.64 = Sum of Adjusted Nesting Values x 100 
Overall Nesting Value (SI7) SI7 0.53 = Calculated for V7 from Model 

     Brooding Value Calculation 
    Brooding Value (SI4) 0.49 0.33 0.00 

 

From Cover Type Worksheet 
Interspersion Index for Brooding 

1.00 1.00 1.00 = 1 if Brooding Provided in Cover Type or Within 0.5 
mi 
Usable Relative Area 0.64 0.36 0.00 Total  = Relative Area x Inspersion Index 
Brooding Value Adjusted By Area 0.31 0.12 0.00 0.43 = SI4 x Relative Area 
% Area in Optimum Condition for Brooding (V8) 

 

V8 43.03 = Sum of Adjusted Brooding Values x 100 
Overall Brooding Values (SI8) SI8 0.43 = Calculated for V8 from Model 

     
     Year-Round HIS Calculation 

    Breeding Suitability Value 
0.43    = Lowest Life Requisite Value for Breeding (Nesting 

or Brooding) 
   Winter Cover Suitability Value 0.38    = Sum of Adjusted Winter Cover Values 
   Highest Life Requisite Value = HSI =  0.43 
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Mitigation Site Y50 
Wood Duck Multi-Cover Worksheet 

 

Cover Type   
Deciduous 

Forest 
(Wetlands) 

Deciduous 
Forest 

(Uplands) 

Herbaceous 
Wetlands Totals 

Area Used By Species (acres) 1042 593 0 1635 
Relative Area  0.64 0.36 0.00 1.00 =Cover Type Area ÷ Total Area 
Winter Cover Value Calculation 
Winter Cover Value  (SI5) 0.43 0.30 0.00 Total (S15) From Cover Type Worksheet 
Winter Cover Value Adjusted by Area 0.27 0.11 0.00 0.38 = SI5 x Relative Area  

     Nesting Value Calculation     
Nesting Value (SI3) 0.14 0.10 0.00 

 

From Cover Type Worksheet 
Interspersion Index for Nesting* 

1.00 1.00 1.00 = 1 if Nesting Provided in Cover Type or within 0.5 
mi 
Usable Relative Area 0.64 0.36 0.00 Total  = Relative Area x Inspersion Index 
Nesting Value Adjusted by Usable Area 0.09 0.04 0.00 0.13 = SI3 x Usable Relative Area 
% Area in Optimum Condition for Nesting (V7) 

 

V7 12.62 = Sum of Adjusted Nesting Values x 100 
Overall Nesting Value (SI7) SI7 0.58 = Calculated for V7 from Model 

     Brooding Value Calculation     
Brooding Value (SI4) 0.44 0.33 0.00 

 

From Cover Type Worksheet 
Interspersion Index for Brooding 

1.00 1.00 1.00 = 1 if Brooding Provided in Cover Type or Within 0.5 
mi 
Usable Relative Area 0.64 0.36 0.00 Total  = Relative Area x Inspersion Index 
Brooding Value Adjusted By Area 0.28 0.12 0.00 0.40 = SI4 x Relative Area 
% Area in Optimum Condition for Brooding (V8) 

 

V8 40.30 = Sum of Adjusted Brooding Values x 100 
Overall Brooding Values (SI8) SI8 0.40 = Calculated for V8 from Model 

     
     Year-Round HIS Calculation 

    Breeding Suitability Value 
0.40    = Lowest Life Requisite Value for Breeding (Nesting 

or Brooding) 
   Winter Cover Suitability Value 0.38    = Sum of Adjusted Winter Cover Values 
   Highest Life Requisite Value = HSI =  0.40 
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Preferred Alignment Y9 
Wood Duck Multi-Cover Worksheet 

 

Cover Type  
Riverine Totals 

Area Used By Species (acres) 351 351 
Relative Area  1 1 =Cover Type Area ÷ Total Area 
Winter Cover Value Calculation   Winter Cover Value  (SI5) 0 Total From Cover Type Worksheet 
Winter Cover Value Adjusted by Area 0 0 = SI5 x Relative Area  

   Nesting Value Calculation   
Nesting Value (SI3) 0 

 

From Cover Type Worksheet 
Interspersion Index for Nesting* 

1 = 1 if Nesting Provided in Cover Type or within 0.5 
mi 
Usable Relative Area 1 Total  = Relative Area x Inspersion Index 
Nesting Value Adjusted by Usable Area 0 0 = SI3 x Usable Relative Area 
% Area in Optimum Condition for Nesting (V7) V7 0 = Sum of Adjusted Nesting Values x 100 
Overall Nesting Value (SI7) SI7 0 = Calculated for V7 from Model 

   Brooding Value Calculation   
Brooding Value (SI4) 0 

 

From Cover Type Worksheet 
Interspersion Index for Brooding 

0 = 1 if Brooding Provided in Cover Type or Within 
0.5 mi 
Usable Relative Area 0 Total  = Relative Area x Inspersion Index 
Overall Brooding Values (SI8) SI8 0 = Calculated for V8 from Model 

   
   Year-Round HIS Calculation   
Breeding Suitability Value 

0  
= Lowest Life Requisite Value for Breeding 
(Nesting or Brooding)  
Winter Cover Suitability Value 0  
= Sum of Adjusted Winter Cover Values  
Highest Life Requisite Value = HSI =  0  
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Preferred Alignment Y10 
Wood Duck Multi-Cover Worksheet 

 

Cover Type  
Riverine Totals 

Area Used By Species (acres) 351 351 
Relative Area  1 1 =Cover Type Area ÷ Total Area 
Winter Cover Value Calculation   Winter Cover Value  (SI5) 0 Total From Cover Type Worksheet 
Winter Cover Value Adjusted by Area 0 0 = SI5 x Relative Area  

   Nesting Value Calculation   
Nesting Value (SI3) 0 

 

From Cover Type Worksheet 
Interspersion Index for Nesting* 

1 = 1 if Nesting Provided in Cover Type or within 0.5 
mi 
Usable Relative Area 1 Total  = Relative Area x Inspersion Index 
Nesting Value Adjusted by Usable Area 0 0 = SI3 x Usable Relative Area 
% Area in Optimum Condition for Nesting (V7) V7 0 = Sum of Adjusted Nesting Values x 100 
Overall Nesting Value (SI7) SI7 0 = Calculated for V7 from Model 

   Brooding Value Calculation   
Brooding Value (SI4) 0 

 

From Cover Type Worksheet 
Interspersion Index for Brooding 

0 = 1 if Brooding Provided in Cover Type or Within 
0.5 mi 
Usable Relative Area 0 Total  = Relative Area x Inspersion Index 
Overall Brooding Values (SI8) SI8 0 = Calculated for V8 from Model 

   
   Year-Round HIS Calculation   
Breeding Suitability Value 

0  
= Lowest Life Requisite Value for Breeding 
(Nesting or Brooding)  
Winter Cover Suitability Value 0  
= Sum of Adjusted Winter Cover Values  
Highest Life Requisite Value = HSI =  0  
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Preferred Alignment Y50 
Wood Duck Multi-Cover Worksheet 

 

Cover Type  
Riverine Totals 

Area Used By Species (acres) 351 351 
Relative Area  1 1 =Cover Type Area ÷ Total Area 
Winter Cover Value Calculation   Winter Cover Value  (SI5) 0 Total From Cover Type Worksheet 
Winter Cover Value Adjusted by Area 0 0 = SI5 x Relative Area  

   Nesting Value Calculation   
Nesting Value (SI3) 0 

 

From Cover Type Worksheet 
Interspersion Index for Nesting* 

1 = 1 if Nesting Provided in Cover Type or within 0.5 
mi 
Usable Relative Area 1 Total  = Relative Area x Inspersion Index 
Nesting Value Adjusted by Usable Area 0 0 = SI3 x Usable Relative Area 
% Area in Optimum Condition for Nesting (V7) V7 0 = Sum of Adjusted Nesting Values x 100 
Overall Nesting Value (SI7) SI7 0 = Calculated for V7 from Model 

   Brooding Value Calculation   
Brooding Value (SI4) 0 

 

From Cover Type Worksheet 
Interspersion Index for Brooding 

0 = 1 if Brooding Provided in Cover Type or Within 
0.5 mi 
Usable Relative Area 0 Total  = Relative Area x Inspersion Index 
Overall Brooding Values (SI8) SI8 0 = Calculated for V8 from Model 

   
   Year-Round HIS Calculation   
Breeding Suitability Value 

0  
= Lowest Life Requisite Value for Breeding 
(Nesting or Brooding)  
Winter Cover Suitability Value 0  
= Sum of Adjusted Winter Cover Values  
Highest Life Requisite Value = HSI =  0  

 

  



 
 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.4-14 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 
 

Mitigation Site Tract Y15 
Eastern Cottontail Multi-Cover Worksheet 

 

Cover Type  
Deciduous 

Forest 
(Uplands) 

Evergreen 
Forest 

(Uplands) 
Grasslands Totals 

Winter Cover/Food Value Calculation 
Area Used By Species (acres) 593 1330 18 1941 
Relative Area 

0.31 0.69 0.01 1.00 
= Cover Type Area ÷ Total Area 
Winter Cover/Food Value (WCFI) 

1.00 0.88 0.34 Total 
From Cover Type Worksheet 
Weighted WCFI 

0.31 0.61 0.00 0.91 
= WCFI x Relative Area 
HSI = Weighted WCFI Total if all cover Types Provide WCFI   0.91 

 

  



 
 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.4-15 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 
 

Mitigation Site Tract Y30 
Eastern Cottontail Multi-Cover Worksheet 

 

Cover Type  
Deciduous 

Forest (Uplands) 

Evergreen 
Forest 

(Uplands) 
Grasslands Totals 

Winter Cover/Food Value Calculation 
Area Used By Species (acres) 593.00 1330.00 18.00 1941.00 
Relative Area 

0.31 0.69 0.01 1.00 
= Cover Type Area ÷ Total Area 
Winter Cover/Food Value (WCFI) 

1.00 0.88 0.34 Total 
From Cover Type Worksheet 
Weighted WCFI 

0.31 0.61 0.00 0.91 
= WCFI x Relative Area 
HSI = Weighted WCFI Total if all cover Types Provide WCFI   0.91 

 

  



 
 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.4-16 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 
 

Mitigation Site Tract Y50 
Eastern Cottontail Multi-Cover Worksheet 

 

Cover Type  
Deciduous 

Forest (Uplands) 

Evergreen 
Forest 

(Uplands) 
Grasslands Totals 

Winter Cover/Food Value Calculation 
Area Used By Species (acres) 593 1330 18 1941 
Relative Area 

0.31 0.69 0.01 1.00 
= Cover Type Area ÷ Total Area 
Winter Cover/Food Value (WCFI) 

1.00 0.88 0.34 Total 
From Cover Type Worksheet 
Weighted WCFI 

0.31 0.61 0.00 0.91 
= WCFI x Relative Area 
HSI = Weighted WCFI Total if all cover Types Provide WCFI   0.91 

 

  



 
 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.4-17 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 
 

Preferred Alignment Y9 
Eastern Cottontail Multi-Cover Worksheet 

  
Cover Type   
Grasslands Totals 

Winter Cover/Food Value Calculation     
Area Used By Species (acres) 351 351 
Relative Area 

1.00 1.00 
= Cover Type Area ÷ Total Area 
Winter Cover/Food Value (WCFI) 0.44 Total 
From Cover Type Worksheet     
Weighted WCFI 

0.44 0.44 
= WCFI x Relative Area 
HSI = Weighted WCFI Total if all cover Types Provide WCFI 0.44 

 

  



 
 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.4-18 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 
 

Preferred Alignment Y10 
Eastern Cottontail Multi-Cover Worksheet 

 

Cover Type  Grasslands Totals 
Winter Cover/Food Value Calculation   
Area Used By Species (acres) 351 351 
Relative Area 

1.00 1.00 
= Cover Type Area ÷ Total Area 
Winter Cover/Food Value (WCFI) 0.52 Total From Cover Type Worksheet 
Weighted WCFI 

0.52 0.52 
= WCFI x Relative Area 
HSI = Weighted WCFI Total if all cover Types Provide WCFI 0.52 

 

  



 
 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.4-19 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

 
 

Preferred Alignment Y50 
Eastern Cottontail Multi-Cover Worksheet 

 

Cover Type  Grasslands Totals 
Winter Cover/Food Value Calculation   
Area Used By Species (acres) 351 351 
Relative Area 

1.00 1.00 
= Cover Type Area ÷ Total Area 
Winter Cover/Food Value (WCFI) 0.52 Total From Cover Type Worksheet 
Weighted WCFI 

0.52 0.52 
= WCFI x Relative Area 
HSI = Weighted WCFI Total if all cover Types Provide WCFI 0.52 

 



 

 
 
 
 
 
 
 
 
 
 

Appendix C.5 
     
 

       Projected HSI Values by  
                                                         Cover Type 
 
  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.5-1 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Mitigation Site 
With Project HSI Values by Cover Type 

Mitigation Site Y0 
Eastern Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 593 0.50 -- 0.47 0.36 0.91 0.15 -- 0.48 

Deciduous Forest Wetlands 735 0.50 0.42 0.47 0.56 -- -- -- 0.49 

Evergreen Forest Uplands 1330 0.50 -- -- 0.28 0.91 0.38 -- 0.52 

Herbaceous Wetlands 307 -- 0.00 0.47 0.15 -- -- -- 0.21 

Grasslands 18 0.50 -- -- -- 0.91 -- -- 0.71 

Total Acreage 2983               0.48 

                    

          

Mitigation Site Y15 
Eastern Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 593 0.50 -- 0.47 0.36 0.91 0.15 -- 0.48 

Deciduous Forest Wetlands 735 0.50 0.36 0.47 0.55 -- -- -- 0.47 

Evergreen Forest Uplands 1330 0.50 -- -- 0.28 0.91 0.38 -- 0.52 

Herbaceous Wetlands 307 -- -- -- -- -- -- -- 0.00 

Grasslands 18 0.50 -- -- -- 0.91 -- -- 0.71 

Total Acreage 2983 
       

0.43 

 

Mitigation Site Y30 
Eastern Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 593 0.50 -- 0.47 0.36 0.91 0.15 -- 0.48 

Deciduous Forest Wetlands 735 0.50 0.36 0.43 0.56 -- -- -- 0.49 

Evergreen Forest Uplands 1330 0.50 -- -- 0.28 0.91 0.38 -- 0.52 

Herbaceous Wetlands 307 -- -- -- -- -- -- -- 0.00 

Grasslands 18 0.50 -- -- -- 0.91 -- -- 0.71 

Total Acreage 2983 
       

0.44 

 

Mitigation Site Y50 
Eastern Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 593 0.50 -- 0.47 0.36 0.91 0.15 -- 0.48 

Deciduous Forest Wetlands 735 0.50 0.36 0.40 0.52 -- -- -- 0.47 

Evergreen Forest Uplands 1330 0.50 -- -- 0.28 0.91 0.38 -- 0.52 

Herbaceous Wetlands 307 -- -- -- -- -- -- -- 0.00 

Grasslands 18 0.50 -- -- -- 0.91 -- -- 0.71 

Total Acreage 2983 
       

0.43 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.5-2 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Mitigation Site  
No Action HSI Values by Cover Type 

Mitigation Site Y0 
Eastern Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 593 0.50 -- 0.47 0.36 0.91 0.15 -- 0.48 

Deciduous Forest Wetlands 735 0.50 0.42 0.47 0.56 -- -- -- 0.49 

Evergreen Forest Uplands 1330 0.50 -- -- 0.28 0.91 0.38 -- 0.52 

Herbaceous Wetlands 307 -- 0.00 0.47 0.15 -- -- -- 0.21 

Grasslands 18 0.50 -- -- -- 0.91 -- -- 0.71 

Total Acreage 2983 
       

0.48 

 

Mitigation Site Y15 
Eastern Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 593 0.50 -- 0.47 0.36 0.91 0.15 -- 0.48 

Deciduous Forest Wetlands 735 0.50 0.42 0.47 0.56 -- -- -- 0.49 

Evergreen Forest Uplands 1330 0.50 -- -- 0.28 0.91 0.38 -- 0.52 

Herbaceous Wetlands 307 -- 0.00 0.47 0.15 -- -- -- 0.21 

Grasslands 18 0.50 -- -- -- 0.91 -- -- 0.71 

Total Acreage 2983 
       

0.48 

 

Mitigation Site Y30 
Eastern Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 593 0.50 -- 0.47 0.36 0.91 0.15 -- 0.48 

Deciduous Forest Wetlands 735 0.50 0.42 0.47 0.56 -- -- -- 0.49 

Evergreen Forest Uplands 1330 0.50 -- -- 0.28 0.91 0.38 -- 0.52 

Herbaceous Wetlands 307 -- 0.00 0.47 0.15 -- -- -- 0.21 

Grasslands 18 0.50 -- -- -- 0.91 -- -- 0.71 

Total Acreage 2983 
       

0.48 

 

Mitigation Site Y50 
Eastern Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 593 0.50 -- 0.47 0.36 0.91 0.15 -- 0.48 

Deciduous Forest Wetlands 735 0.50 0.42 0.47 0.56 -- -- -- 0.49 

Evergreen Forest Uplands 1330 0.50 -- -- 0.28 0.91 0.38 -- 0.52 

Herbaceous Wetlands 307 -- 0.00 0.47 0.15 -- -- -- 0.21 

Grasslands 18 0.50 -- -- -- 0.91 -- -- 0.71 

Total Acreage 2983 
       

0.48 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.5-3 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Preferred Alignment  
No Action HSI Values by Cover Type 

Preferred Alignment Y0 
Eastern 

Wild Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 293 0.25 -- 0.45 0.30 0.59 0.07 -- 0.33 

Deciduous Forest Wetlands 27 0.25 0.39 0.45 0.32 -- -- -- 0.35 

Evergreen Forest Uplands 282 0.25 -- -- 0.25 0.59 0.21 -- 0.33 

Herbaceous Wetlands 12 -- 0.00 0.45 0.05 -- -- -- 0.17 

Grasslands 181 0.25 -- -- -- 0.59 -- -- 0.42 

Riverine 1 -- 0.00 0.45 -- -- -- 0.01 0.15 

Lacustrine 5 -- 0.20 -- -- -- -- 0.05 0.13 

Cropland 253 0.25 -- -- -- 0.59 -- -- 0.42 

Total Acreage 1054 
       

0.29 

 

Preferred Alignment Y7 
Eastern 

Wild Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 0 -- -- -- -- -- -- -- 0.00 

Deciduous Forest Wetlands 0 -- -- -- -- -- -- -- 0.00 

Evergreen Forest Uplands 0 -- -- -- -- -- -- -- 0.00 

Herbaceous Wetlands 0 -- -- -- -- -- -- -- 0.00 

Grasslands 0 -- -- -- -- -- -- -- 0.00 

Riverine 0 -- -- -- -- -- -- -- 0.00 

Lacustrine 0 -- -- -- -- -- -- -- 0.00 

Cropland 0 -- -- -- -- -- -- -- 0.00 

Total Acreage 1054 
       

0.00 

 

Preferred Alignment Y9 
Eastern Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 0 -- -- -- -- -- -- -- 0.00 

Deciduous Forest Wetlands 0 -- -- -- -- -- -- -- 0.00 

Evergreen Forest Uplands 0 -- -- -- -- -- -- -- 0.00 

Herbaceous Wetlands 0 -- -- -- -- -- -- -- 0.00 

Grasslands 703 0.00 -- -- -- 0.44 -- -- 0.22 

Riverine 351 -- 0.00 0.00 -- -- -- 0.01  0.00* 

Lacustrine 0 -- -- -- -- -- -- -- 0.00 

Cropland 253 -- -- -- -- -- -- -- 0.00 

Total Acreage 1054 
       

0.03 

*0.003 
         

          

Preferred Alignment Y10 
Eastern Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type Area (acres) 
        

Deciduous Forest Uplands 0 -- -- -- -- -- -- -- 0.00 

Deciduous Forest Wetlands 0 -- -- -- -- -- -- -- 0.00 

Evergreen Forest Uplands 0 -- -- -- -- -- -- -- 0.00 

Herbaceous Wetlands 0 -- -- -- -- -- -- -- 0.00 

Grasslands 703 0.00 -- -- -- 0.52 -- -- 0.26 

Riverine 351 -- 0.00 0.00 -- -- -- 0.01  0.00* 

Lacustrine 0 -- -- -- -- -- -- -- 0.00 

Cropland 253 -- -- -- -- -- -- -- 0.00 

Total Acreage 1054 
       

0.03 

*0.003 

 

 

 



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.5-4 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Preferred Alignment  
No Action HSI Values by Cover Type 

Preferred Alignment Y50 

Eastern 
Wild 

Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type Area (acres) 
        

Deciduous Forest Uplands 0 -- -- -- -- -- -- -- 0.00 

Deciduous Forest Wetlands 0 -- -- -- -- -- -- -- 0.00 

Evergreen Forest Uplands 0 -- -- -- -- -- -- -- 0.00 

Herbaceous Wetlands 0 -- -- -- -- -- -- -- 0.00 

Grasslands 703 0.00 -- -- -- 0.52 -- -- 0.26 

Riverine 351 -- 0.00 0.00 -- -- -- 0.01  0.00* 

Lacustrine 0 -- -- -- -- -- -- -- 0.00 

Cropland 253 -- -- -- -- -- -- -- 0.00 

Total Acreage 1054 
       

0.03 

*0.003 

 

 



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.5-5 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Preferred Alignment 
No Action HSI Values by Cover Type 

Preferred Alignment Y0 
Eastern 

Wild Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 293 0.25 -- 0.45 0.30 0.59 0.07 -- 0.33 

Deciduous Forest Wetlands 27 0.25 0.39 0.45 0.32 -- -- -- 0.35 

Evergreen Forest Uplands 282 0.25 -- -- 0.25 0.59 0.21 -- 0.33 

Herbaceous Wetlands 12 -- 0.0 0.45 0.05 -- -- -- 0.17 

Grasslands 181 0.25 -- -- -- 0.59 -- -- 0.42 

Riverine 1 -- 0.00 0.45 -- -- -- 0.01 0.15 

Lacustrine 5 -- 0.20 -- -- -- -- 0.05 0.13 

Cropland 253 0.25 -- -- -- 0.59 -- -- 0.42 

Total Acreage 1054 
       

0.29 

 

Preferred Alignment Y7 
Eastern 

Wild Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 293 0.25 -- 0.45 0.30 0.59 0.07 -- 0.33 

Deciduous Forest Wetlands 27 0.25 0.39 0.45 0.32 -- -- -- 0.35 

Evergreen Forest Uplands 282 0.25 -- -- 0.25 0.59 0.21 -- 0.33 

Herbaceous Wetlands 12 -- 0.00 0.45 0.05 -- -- -- 0.17 

Grasslands 181 0.25 -- -- -- 0.59 -- -- 0.42 

Riverine 1 -- 0.00 0.45 -- -- -- 0.01 0.15 

Lacustrine 5 -- 0.2 -- -- -- -- 0.05 0.13 

Cropland 253 0.25 -- -- -- 0.59 -- -- 0.42 

Total Acreage 1054 
       

0.29 

 

Preferred Alignment Y9 
Eastern 

Wild Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 293 0.25 -- 0.45 0.30 0.59 0.07 -- 0.33 

Deciduous Forest Wetlands 27 0.25 0.39 0.45 0.32 -- -- -- 0.35 

Evergreen Forest Uplands 282 0.25 -- -- 0.25 0.59 0.21 -- 0.33 

Herbaceous Wetlands 12 -- 0.00 0.45 0.05 -- -- -- 0.17 

Grasslands 181 0.25 -- -- -- 0.59 -- -- 0.42 

Riverine 1 -- 0.00 0.45 -- -- -- 0.01 0.15 

Lacustrine 5 -- 0.20 -- -- -- -- 0.05 0.13 

Cropland 253 0.25 -- -- -- 0.59 -- -- 0.42 

Total Acreage 1054 
       

0.29 

 

Preferred Alignment Y10 
Eastern 

Wild Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 293 0.25 -- 0.45 0.30 0.59 0.07 -- 0.33 

Deciduous Forest Wetlands 27 0.25 0.39 0.45 0.32 -- -- -- 0.35 

Evergreen Forest Uplands 282 0.25 -- -- 0.25 0.59 0.21 -- 0.33 

Herbaceous Wetlands 12 -- 0.00 0.45 0.05 -- -- -- 0.17 

Grasslands 181 0.25 -- -- -- 0.59 -- -- 0.42 

Riverine 1 -- 0.00 0.45 -- -- -- 0.01 0.15 

Lacustrine 5 -- 0.20 -- -- -- -- 0.05 0.13 

Cropland 253 0.25 -- -- -- 0.59 -- -- 0.42 

Total Acreage 1054 
       

0.29 

 

 

 



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.5-6 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Preferred Alignment 
No Action HSI Values by Cover Type 

Preferred Alignment Y50 
Eastern 

Wild Turkey 
Beaver 

Wood 
Duck 

Raccoon 
Eastern 

Cottontail 
Pine 

Warbler 
Belted 

Kingfisher 
Cover Type 
HSI Average 

Cover Type  Area (acres) 
        

Deciduous Forest Uplands 293 0.25 -- 0.45 0.30 0.59 0.07 -- 0.33 

Deciduous Forest Wetlands 27 0.25 0.39 0.45 0.32 -- -- -- 0.35 

Evergreen Forest Uplands 282 0.25 -- -- 0.25 0.59 0.21 -- 0.33 

Herbaceous Wetlands 12 -- 0.00 0.45 0.05 -- -- -- 0.17 

Grasslands 181 0.25 -- -- -- 0.59 -- -- 0.42 

Riverine 1 -- 0.00 0.45 -- -- -- 0.01 0.15 

Lacustrine 5 -- 0.20 -- -- -- -- 0.05 0.13 

Cropland 253 0.25 -- -- -- 0.59 -- -- 0.42 

Total Acreage 1054 
       

0.29 

 

  



 

 
 
 
 
 
 
 
 
 
 

Appendix C.6 
     
 

AAHU Values by Cover 
Type 

     

 

        
 



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.6-1 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Mitigation Site 
With Project AAHU Values by Cover Type 

Deciduous Forest Uplands 
     

With Project Y0 Y15 Y30 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 15 15 20 
  

HSI 0.48 0.48 0.48 0.48 
  

Acres 593 593 593 593 
  

Target Year HU's 283.45 283.45 283.45 283.45 
  

Interval HU's 0.00 4251.81 4251.81 5669.08 14172.70 283.45 

       Deciduous Forest Wetlands 
    

With Project Y0 Y15 Y30 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 15 15 20 
  

HSI 0.49 0.49 0.49 0.49 
  

Acres 735 1042 1042 1042 
  

Target Year HU's 358.31 489.74 510.58 489.74 
  

Interval HU's 0.00 6380.54 7502.40 10003.20 23521.44 470.43 

       Evergreen Forest Uplands 
     

With Project Y0 Y15 Y30 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 15 15 20 
  

HSI 0.52 0.52 0.52 0.52 
  

Acres 1330 1330 1339 1339 
  

Target Year HU's 688.28 688.28 692.93 692.93 
  

Interval HU's 0.00 10324.13 10359.06 13858.65 34541.83 690.84 

       Herbaceous Wetlands 
     

With Project Y0 Y15 Y30 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 15 15 20 
  

HSI 0.21 0.21 0.00 0.00 
  

Acres 307 0 0 0 
  

Target Year HU's 63.45 0.00 0.00 0.00 
  

Interval HU's 0.00 475.85 0.00 0.00 475.85 9.52 

       Grasslands 
      

With Project Y0 Y15 Y30 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 15 15 20 
  

HSI 0.71 0.71 0.71 0.71 
  

Acres 18 18 18 18 
  

Target Year HU's 12.69 12.69 12.69 12.69 
  

Interval HU's 0.00 190.35 190.35 253.80 634.50 12.69 

 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.6-2 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Mitigation Site 
No Action Project AAHU Values by Cover Type 

Deciduous Forest Uplands 
    No Action Y0 Y15 Y30 Y50 Cumulative HU's AAHU's 

Year Interval 0 15 15 20 
  

HSI 0.48 0.48 0.48 0.48 
  

Acres 593 593 593 593 
  

Target Year HU's 283.45 283.45 283.45 283.45 
  

Interval HU's 0.00 4251.81 4251.81 5669.08 14232.00 284.64 

       Deciduous Forest Wetlands 
    No Action Y0 Y15 Y30 Y50 Cumulative HU's AAHU's 

Year Interval 0 15 15 20 
  

HSI 0.49 0.49 0.49 0.49 
  

Acres 735 735 735 735 
  

Target Year HU's 358.31 358.31 358.31 358.31 
  

Interval HU's 0.00 5374.69 5374.69 7166.25 18007.50 360.15 

       Evergreen Forest Uplands 
    No Action Y0 Y15 Y30 Y50 Cumulative HU's AAHU's 

Year Interval 0 15 15 20 
  

HSI 0.52 0.52 0.52 0.52 
  

Acres 1330 1330 1330 1330 
  

Target Year HU's 688.28 688.28 688.28 688.28 
  

Interval HU's 0.00 10324.13 10324.13 13765.50 34580.00 691.60 

       Herbaceous Wetlands 
     No Action Y0 Y15 Y30 Y50 Cumulative HU's AAHU's 

Year Interval 0 15 15 20 
  

HSI 0.21 0.21 0.21 0.21 
  

Acres 307 307 307 307 
  

Target Year HU's 63.45 63.45 63.45 63.45 
  

Interval HU's 0.00 951.70 951.70 1268.93 3223.50 64.47 

       Grasslands 
      No Action Y0 Y15 Y30 Y50 Cumulative HU's AAHU's 

Year Interval 0 15 15 20 
  

HSI 0.71 0.71 0.71 0.71 
  

Acres 18 18 18 18 
  

Target Year HU's 12.69 12.69 12.69 12.69 
  

Interval HU's 0.00 190.35 190.35 253.80 639.50 12.78 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.6-3 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Preferred Alignment 
With Project AAHU Values by Cover Type 

Deciduous Forest Uplands 
       

With Project Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.33 0.33 0.00 0.00 0.00 0.00 
  

Acres 293 293 0 0 0 0 
  

Target Year HU's 96.69 96.69 0.00 0.00 0.00 0.00 
  

Interval HU's 0.00 483.45 48.35 0.00 0.00 0.00 531.80 10.64 

         Deciduous Forest Wetlands 
       

With Project Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.35 0.35 0.00 0.00 0.00 0.00 
  

Acres 27 27 0 0 0 0 
  

Target Year HU's 9.45 9.45 0.00 0.00 0.00 0.00 
  

Interval HU's 0.00 47.25 4.73 0.00 0.00 0.00 51.98 1.04 

         Evergreen Forest Uplands 
       

With Project Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.33 0.33 0.00 0.00 0.00 0.00 
  

Acres 282 282 0 0 0 0 
  

Target Year HU's 93.06 93.06 0.00 0.00 0.00 0.00 
  

Interval HU's 0.00 465.30 46.53 0.00 0.00 0.00 511.83 10.24 

         Herbaceous Wetlands 
       

With Project Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.17 0.17 0.00 0.00 0.00 0.00 
  

Acres 12 12 0 0 0 0 
  

Target Year HU's 2.04 2.04 0.00 0.00 0.00 0.00 
  

Interval HU's 0.00 10.20 1.02 0.00 0.00 0.00 11.22 0.22 

         Grasslands 
        

With Project Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.42 0.42 0.00 0.22 0.26 0.26 
  

Acres 181 181 0 703 703 703 
  

Target Year HU's 76.02 76.02 0.00 154.66 182.78 182.78 
  

Interval HU's 0.00 380.10 38.01 77.33 168.72 7311.20 7975.36 159.51 

         Riverine 
        

With Project Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.15 0.15 0.00 0.00 0.00 0.00 
  

Acres 1 1 0 351 351 351 
  

Target Year HU's 0.150 0.15 0.00 1.05 1.05 1.05 
  

Interval HU's 0.00 0.75 0.08 0.53 1.05 42.12 44.52 0.89 

*0.003 
        

 
 
 
 

 
 
 

       

 
        



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.6-4 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Preferred Alignment 
With Project AAHU Values by Cover Type 

Lacustrine 

With Project Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.13 0.13 0.00 0.00 0.00 0.00 
  

Acres 5 5 0 0 0 0 
  

Target Year HU's 0.55 0.55 0.00 0.00 0.00 0.00 
  

Interval HU's 0.00 2.75 0.28 0.00 0.00 0.00 3.03 0.07 

         Cropland 
        

With Project Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.30 0.30 0.00 0.00 0.00 0.00 
  

Acres 253 253 0 0 0 0 
  

Target Year HU's 75.90 75.90 0.00 0.00 0.00 0.00 
  

Interval HU's 0.00 379.50 37.95 0.00 0.00 0.00 417.45 8.35 

 

  



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.6-5 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Preferred Alignment 
No Action AAHU Values by Cover Type 

Deciduous Forest Uplands 
       

No Action Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.33 0.33 0.33 0.33 0.33 0.33 
  

Acres 293 293 293 293 293 293 
  

Target Year HU's 96.69 96.69 96.69 96.69 96.69 96.69 
  

Interval HU's 0.00 483.45 193.38 193.38 96.69 3867.60 4834.50 96.69 

         Deciduous Forest Wetlands 
       

No Action Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.35 0.35 0.35 0.35 0.35 0.35 
  

Acres 27 27 27 27 27 27 
  

Target Year HU's 9.45 9.45 9.45 9.45 9.45 9.45 
  

Interval HU's 0.00 47.25 18.90 18.90 9.45 378.00 472.50 9.45 

         Evergreen Forest Uplands 
       

No Action Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.33 0.33 0.33 0.33 0.33 0.33 
  

Acres 282 282 282 282 282 282 
  

Target Year HU's 93.06 93.06 93.06 93.06 93.06 93.06 
  

Interval HU's 0.00 465.30 186.12 186.12 93.06 3722.40 4653.00 93.06 

         Herbaceous Wetlands 
       

No Action Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.17 0.17 0.17 0.17 0.17 0.17 
  

Acres 12 12 12 12 12 12 
  

Target Year HU's 2.04 2.04 2.04 2.04 2.04 2.04 
  

Interval HU's 0.00 10.20 4.08 4.08 2.04 81.60 102.00 2.04 

         Grasslands 
        

No Action Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.42 0.42 0.42 0.42 0.42 0.42 
  

Acres 181 181 181 181 181 181 
  

Target Year HU's 76.02 76.02 76.02 76.02 76.02 76.02 
  

Interval HU's 0.00 380.10 152.04 152.04 76.02 3040.80 3801.00 76.02 

         Riverine 
        

No Action Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.15 0.15 0.15 0.15 0.15 0.15 
  

Acres 1 1 1 1 1 1 
  

Target Year HU's 0.15 0.15 0.15 0.15 0.15 0.15 
  

Interval HU's 0.00 0.75 0.30 0.30 0.15 6.00 7.50 0.15 

          
 
 
 

        

 
         



 

 

LUCE BAYOU INTERBASIN TRANSFER PROJECT C.6-6 JANUARY 2012 
HABITAT EVALUATION PROCEDURE 

Preferred Alignment 
No Action AAHU Values by Cover Type 

Lacustrine 

No Action Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.13 0.13 0.13 0.13 0.13 0.13 
  

Acres 5 5 5 5 5 5 
  

Target Year HU's 0.65 0.65 0.65 0.65 0.65 0.65 
  

Interval HU's 0.00 2.75 1.10 1.10 0.55 22.00 27.50 0.65 

         Cropland 
        

No Action Y0 Y5 Y7 Y9 Y10 Y50 
Cumulative 

HU's 
AAHU's 

Year Interval 0 5 2 2 1 40 
  

HSI 0.42 0.42 0.42 0.42 0.42 0.42 
  

Acres 253 253 253 253 253 253 
  

Target Year HU's 32.89 32.89 32.89 32.89 32.89 32.89 
  

Interval HU's 0.00 531.30 212.52 212.52 106.26 4250.40 5313.00 106.26 
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1.0   Introduction 

1.1 Project Description 
The Coastal Water Authority (CWA) is a Conservation and Reclamation District established by the 
Texas Legislature in 1967 with a Board appointed by the Governor of Texas and the City of Houston.  
The Luce Bayou Interbasin Transfer Project (LBITP) is a regional water supply project proposed to be 
implemented by CWA that would transfer raw water from the Trinity River Basin to Lake Houston, a 
major water supply reservoir for the City of Houston. The LBITP has been an integral part of Texas 
state water planning for the past 50 years. The project would ultimately convey approximately 
500 million gallons per day (MGD) of untreated or raw water by underground pipeline and 
aboveground canal.  The water will be transported from a new 90-acre Capers Ridge Pump Station on 
the Trinity River to Lake Houston to supplement existing water supplies in order to provide necessary 
water service to the surrounding area. The primary purpose of the LBITP is to meet the anticipated 
water demands based on population projections and to increase treated water supplies to comply with 
contracted, future demands identified by the City of Houston. The LBITP is a long-planned water 
supply project identified by regional water planning efforts performed by the Texas Water 
Development Board (TWDB).  

The recommended concept for the LBITP includes the proposed pump station installed at the Trinity 
River, approximately 3 miles of pipeline, a sedimentation basin, approximately 23.5 miles of canal, an 
equipment maintenance facility, and a discharge structure. The LBITP canal would outfall into the 
backwaters of Lake Houston on the northeastern shoreline near the confluence with Luce Bayou. 

1.2 Objective of Report 
This report discusses the construction emissions (criteria and greenhouse gas pollutants) of the 
proposed LBIT project. These emission estimates are used to determine conformity with federal 
implementation plans (40 CFR 93). The report also provides a summary of the methods for 
determining the emissions, as well as the assumptions and conclusions from the calculations. 
Detailed calculations can be found in Appendix A.  
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2.0   Scope and Boundary 

As mentioned in Section 1.2, this emissions inventory was compiled to determine conformity with the 
federal implementation plan for Harris County, a Severe Ozone non-attainment area. Criteria 
pollutants included in this analysis are oxides of nitrogen (NOx), carbon monoxide (CO), volatile 
organic compounds (VOC), oxides of sulfur (SOx), and particulate matter smaller than 10 micrometers 
(PM10) and 2.5 micrometers (PM2.5). Also included were carbon dioxide (CO2), methane (CH4), and 
nitrous oxide (N2O), as these are the three greenhouse gases emitted during construction activities. 
The available data used to determine emissions were are based on the construction plan. The 
construction plan provides a complete scope of the construction activities for the LBITP, including 
length of construction, equipment needs, and earth moving activities. Emissions were calculated for 
fuel combustion from construction equipment delivery and usage, and fugitive particulate emissions 
for soil excavation, handling, and fill processes, and road dust generated from hauling excavated dirt. 
The sources of emissions are discussed further in Section 3.0. 

Calculation methodologies were referred from guidance and regulations published by EPA and 
various air pollution control agencies. Where site specific data were not available, published emission 
factors and assumptions were taken from these sources as well, and used as the best available 
method for quantifying emissions during construction of the LBITP. These sources include EPA’s 
Compilation of Air Pollutant Emission Factors (AP-42), documentation from EPA’s NONROAD model, 
and EPA’s documentation on mandatory greenhouse gas reporting. 
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3.0   Methodology 

Emissions were divided in three separate sections. These were emissions from construction 
equipment operations, emissions from fugitive sources, and greenhouse gas emissions. As 
mentioned above, the source for operations is the construction estimate. 

3.1 Equipment Operations 
The LBITP is divided into four main construction components: canal excavation, pipeline installation, 
box culvert installation, and pump station construction. The total period of time required for 
construction of the LBITP is estimated to be three years. Assuming a five day work week and nine 
hour days, this equates to 783 total working days or 7047 hours. This also assumes construction will 
occur on more than one component at a time.  

Emission factors for off-road equipment were primarily determined using the United States 
Environmental Protection Agency (USEPA) Tier 3 standards, while on-road vehicles emission factors 
are from USEPA’s AP-42 Compilation of Air Pollutant Emission Factors and the Mojave Desert Air 
Quality Management District (MDAQMD) emission factor results from source testing. 

Off-road emissions of CO, NOx, VOCs, and PM10 are calculated using EPA’s Tier 3 standard 
emission factors. SOx emission factors were determined using Equation 7 from report number NR-
009d for EPA’s NONROAD model with a diesel fuel sulfur content of 15 parts per million (ppm) per 
EPA’s Clean Air Nonroad Diesel Rule dated May 2004. The PM2.5 emission factor for diesel fueled 
off-road equipment is 0.97 times the PM10 emission factor per report NR-009d as well. These 
emission factors are in grams per horsepower-hour; therefore both an estimation of operating time 
and horsepower is required for each piece of equipment. The horsepower is estimated from a 
representative piece of equipment, while operating time is based on the days required for each 
component of the project. Both of these parameters are listed in the construction plan. Lastly, the 
equipment is not expected to operate at full load for the duration of its use. Because of this, a load 
factor for each piece of equipment is estimated using report NR-005d from EPA’s NONROAD model. 
Each piece of equipment’s emissions is reduced by its equivalent load factor. In this emissions 
estimate, all equipment had either a high load factor where power output was 59 percent of 
maximum rating, or a steady state load factor where power output was 49 percent of rated output, 
based on EPA  NR-005d guidance.  

An example calculation is shown below, where the emission factor is provided in grams per 
horsepower-hour (g/hp-hr), equipment horsepower is known, and operation time is provided in days: 

𝑃 = 𝐸𝐹 ×
1

453.6
× (𝐷 × 9) × 𝐻𝑃 × 𝐿𝐹 ×

1
3

×
1

2000
 

Where: 
P is the annual average emissions of pollutant in tons per year (tpy). 
EF is the emission factor for the piece of off-road equipment in g/hp-hr. 
453.6 is the conversion factor from grams to pounds. 
D is the total number of working days the equipment will operate over the project. 
9 is the number of hours of operation per day. 
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HP is the rated horsepower of the off-road equipment. 
LF is the load factor for the specific piece of equipment (fraction of 1). 
3 is the total number of years construction is expected to last. 
2000 is the conversion from pounds to tons. 

On-road emission factors for CO, NOx, and VOCs are from AP-42, while SOx and PM10 are from 
MDAQMD, and PM2.5 is calculated using the same 0.97 ratio of PM10 to PM2.5 as off-road 
equipment. 

A full list of equipment can be found in Table 3-1, below. 

Table 3-1: Equipment List and Quantity by Activity 
Off-Road Equipment and Vehicles 

Activity Equipment Quantity 
Canal Excavation (On-Site) Agri. Tractor with Scrapers 4 
Canal Excavation (On-Site) Large Bull Dozer (70%) 1 
Canal Excavation (Off-Site) Medium Hydraulic Excavator 3 
Canal Excavation (Off-Site) Medium Bull Dozer (70%) 3 

Canal Excavation (On-Site Support) Large Bull Dozer (70%) 1 
Canal Excavation (On-Site Support) Large Compactor (30%) 1 
Canal Excavation (Off-Site Support) Large Bull Dozer (70%) 1 
Canal Excavation (Off-Site Support) Large Compactor (30%) 1 

Pipeline Installation Large Hydraulic Excavator 2 
Pipeline Installation Large Rubber Tire Loader 1 
Pipeline Installation Medium Bull Dozer 1 
Pipeline Installation Medium Compactor (30%) 1 

Pipeline Installation (Support) Medium Hydraulic Excavator 1 
Pipeline Installation (Support) Large Bull Dozer (70%) 1 
Pipeline Installation (Support) Large Compactor (30%) 1 

Box Culvert Installation Large Hydraulic Excavator 2 
Box Culvert Installation Large Rubber Tire Loader 1 
Box Culvert Installation Medium Bull Dozer 1 
Box Culvert Installation Medium Compactor (30%) 1 

Pump Station Construction Medium Hydraulic Excavator 3 
Pump Station Construction Medium Rubber Tire Loader 4 
Pump Station Construction Medium Bull Dozer 3 
Pump Station Construction Meidum Crane 1 

On-Road Vehicles 
Activity Equipment Quantity 

Equipment Delivery and Return Heavy Duty On-Road Trucks 59 
Canal Excavation (Off-Site) Dump Trucks 15 

Pipeline Installation (Support) Dump Trucks 5 
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3.1.1 Canal Excavation 
Canal excavation activities will occur on-site for actual excavation of the proposed canal, as well as 
off-site for displaced earth.  Based on an estimated 3,000,000 cubic yards (cy) of earth to be 
excavated at the canal, the on-site excavation crew with support in the fill areas would be composed 
of 4 agricultural tractors with tandem scrapers, 2 large bull dozers operating 70 percent of the time, 
and 1 large sheepsfoot compactor operating 30 percent of the time. Estimating a load capacity for 
each scraper to be 30 cy, and one pass for each tractor to take 15 minutes, on-site canal excavation 
is expected to last 350 working days. 

Only 50 percent of the ground excavated (1,500,000 cy) at the canal construction site will be used 
on-site. The other 50 percent is expected to be hauled to an off-site fill site that will be 2.5 miles from 
the excavation activities. This will require 3 hydraulic excavators, 15 dump trucks, 3 medium bull 
dozers operating 70 percent of the time, 1 large bull dozer operating 70 percent of the time, and one 
large sheepsfoot compactor operating 30 percent of the time. Based on the dump trucks being able 
to transport 2,550 cy of earth per day, off-site canal excavation activities will require 589 days. 

Emissions from equipment operation during canal excavations are shown in Table 3-2. 

Table 3-2: Canal Excavation Emissions 
  Units CO VOC NOx SOx PM10 PM2.5 
Project Total tpy 32.72 3.82 30.86 0.49 3.21 3.11 
Annual Average tpy 10.91 1.27 10.29 0.16 1.07 1.04 
Daily Maximum lbs/day 187 21.8 176.4 2.8 18.3 17.8 

 

3.1.2 Pipeline Installation 
Pipeline installation is required for a length of 15,500 feet and will require 2 large hydraulic 
excavators, 1 larger rubber tire loader, one medium bull dozer, and one medium sheepsfoot 
compactor at 30 percent usage. It is estimated that pipeline installation will occur at a rate of 50 feet 
per day, and thus pipeline installation will require approximately 310 days. 

Excavation for the pipeline will require movement of approximately 227,600 cy of earth, according to 
the construction estimate. With an excavation crew composed of 1 medium hydraulic excavator, 
5 dump trucks, 1 large bull dozer with 70 percent usage, and one large sheepsfoot compactor at 
30 percent usage able to move 850 cy yards per day, excavation for the pipeline installation will last 
268 days. The emissions from pipeline installation are presented in Table 3-3. 

Table 3-3: Pipeline Installation Emissions 
  Units CO VOC NOx SOx PM10 PM2.5 
Project Total tpy 9.90 0.96 9.95 0.08 0.77 0.75 
Annual Average tpy 3.30 0.32 3.32 0.03 0.26 0.25 
Daily Maximum lbs/day 67.6 6.6 67.5 0.6 5.4 5.2 

 

3.1.3 Box Culvert Installation 
The aggregate length of box culvert installation is 24,934 feet. This portion of the project is expected 
to require 2 large hydraulic excavators, 1 large rubber tire loader, 1 medium bull dozer, and a 
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medium sheepsfoot compactor operating 30% of the time. It is estimated that the box culverts will be 
installed at a rate of 70 feet per day, resulting in total required time of 357 working days. Total 
emissions from box culvert installation are listed in Table 3-4. 

Table 3-4: Box Culvert Installation 
  Units CO VOC NOx SOx PM10 PM2.5 
Project Total tpy 7.19 0.55 7.69 0.01 0.42 0.40 
Annual Average tpy 2.40 0.18 2.56 0.00 0.14 0.13 
Daily Maximum lbs/day 40.3 3.1 43.1 0.1 2.3 2.3 

 

3.1.4 Pump Station Construction 
Construction of the pump station will require 3 medium hydraulic excavators for 200 days, 4 medium 
rubber tire loaders for 300 days, 3 medium bull dozers for 300 days, and 1 medium crane for 
75 days. The emissions from the construction of the pump station are listed in Table 3-5. 

Table 3-5: Pump Station Construction 
  Units CO VOC NOx SOx PM10 PM2.5 
Project Total tpy 9.30 0.72 10.01 0.02 0.54 0.52 
Annual Average tpy 3.10 0.24 3.34 0.01 0.18 0.17 
Daily Maximum lbs/day 75.0 5.8 80.7 0.1 4.3 4.2 

 

3.1.5 Equipment Delivery and Return 
Included in this emissions estimate are the emissions from heavy duty diesel on-road vehicles 
delivering and returning the 59 pieces of equipment from the construction site. It is estimated that the 
equipment will be delivered from an average of 75 miles away; therefore, one round trip per piece of 
equipment is 150 miles. Also, daily maximum emissions are calculated by dividing total project 
emissions by 14, as it is expected it will take two full weeks for the equipment to be delivered and 
returned. Total emissions for delivery and return are shown in Table 3-6. 

Table 3-6: Equipment Delivery and Return 
  Units CO VOC NOx SOx PM10 PM2.5 
Project Total tpy 0.10 0.02 0.06 0.00 0.02 0.02 
Annual Average tpy 0.03 0.01 0.02 0.00 0.01 0.01 
Daily Maximum lbs/day 11.8 2.4 7.7 0.5 2.2 2.1 

 

3.2 Fugitive Dust Emissions 
Fugitive emissions were calculated for material handling, exposed storage piles, exposed disturbed 
ground, and fugitive dust from vehicles on unpaved roads. 

3.2.1 Material Handling 
Emission factors for material handling are in pounds per tons of material handled. The emission 
factor is determined using the equation in Section 13.2.4 of EPA’s AP-42. For this project, the soil 
excavated during construction is estimated to weigh 1.18 tons per cubic yard, based on an average 
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of loose soil weighing approximately 75 pounds per cubic foot, while compacted soil weighs 
approximately 100 pounds per cubic foot. The emissions also depend on the moisture and silt 
content. The EPA’s AP-42 estimates a moisture content for clay soil to be approximately 14 percent, 
while the Air and Waste Management Associate (AWMA) Engineering Handbook estimates a silt 
content of 8 percent. Also, the emissions are dependent on the wind speed during material handling, 
which is taken from the 1970-2000 climate normal at Houston Intercontinental Airport (IAH). 

The weight of material handled is estimated in the construction estimate; however, material handling 
for installation of the box culverts was estimated by using a ratio of the length of pipeline to be 
installed to the length of box culverts installed. Also, the material from each construction component 
is expected to be handled twice if unloaded on-site, or three times if unloaded off-site. This includes 
handling for temporary storage. In total, just under 11 million tons of soil are expected to be loaded 
and unloaded. Emissions from material handling are incorporated in Table 3-7 at the end of section 
3.2. An example calculation is provided below. 

𝑃 = 𝐸𝐹 × (1.18 × 𝐶𝑌) ×
1
3

×
1

2000
 

Where: 
P is annual average PM10 or PM2.5 emitted in tpy. 
EF is the emission factor for PM10 or PM2.5 in lbs/ton of material handled. 
1.18 is the conversion for cubic yards of soil to tons of soil. 
CY is cubic yards of soil handled. 
3 is the total length of the project in years 
2000 is the conversion from pounds to tons. 

3.2.2 Storage Piles 
Emissions from exposed storage piles are calculated using the acreage of exposure. It is expected all 
soil excavated will be immediately placed in the fill; however, the soil excavated during one week of 
construction activity is assumed to be left exposed in temporary storage piles to provide a more 
conservative estimate of fugitive particulate emissions.  

The emission factor is dependent again on the silt content, estimated at 8%, the days with rain, 
estimated at 107 from climate normal, and percentage of time with winds greater than 12 miles per 
hour, which is estimated at 19.3% from hourly data from 1990 IAH meteorology data, as this is not 
provided in the climate normal. The emission factor calculation methodology is provided by the 
MDAQMD, which is developed from the AWMA Engineering Handbook. 

The geometry of the storage pile was approximated as conic with the height that is 0.5 times the 
length of the slope. This results is a conic pile with an area proportional to the volume to the 
2/3 power. That is A ≈ V2/3 (see Appendix A for detailed methodology). This area is then multiplied by 
the emission factor and the exposure time to determine the total fugitive particulates from temporary 
storage piles. These emissions are also incorporated in Table 3-7, and an example calculation is 
presented in Section 3.2.3. 

3.2.3 Exposed Land 
The construction plan expects disturbed land from the canal excavation, pipeline installation, and box 
culvert installation to be covered immediately after excavation. However, this is not expected during 
construction of the pump station, which will expose 0.1 acres of land during the length of 
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construction. The emission factor is determined using a simplified method from Section 13.2.5 of 
EPA’s AP-42 as presented by MDAQMD. Like the exposed storage piles, emissions from exposed 
land are calculated by multiplying the emission factor by the exposed area and the length of time it is 
exposed. See the following example calculation: 

𝑃 = 𝐸𝐹 × 𝐴𝑐𝑟𝑒𝑠 × 𝐸𝑥𝑇 ×
1
3

×
1

2000
 

Where: 
P is annual average emissions of PM10 or PM2.5 in tpy. 
EF is the emission factor in lbs/acre-year. 
Acres is the acreage of exposed land or storage piles. 
ExT is the exposure time in years. 
3 is the total length of the project in years 
2000 is the conversion from pounds to tons. 

3.2.4 Unpaved Road Dust 
Fugitive emissions were calculated for fugitive dust from vehicles on unpaved roads using the 
method from Section 13.2.2 of EPA’s AP-42.  For vehicles traveling on unpaved surfaces at industrial 
sites, the emission factor for fugitive dust from vehicle traffic on unpaved roads is estimated using the 
following equation: 

𝐸𝐹 = 𝑘 × �
𝑠

12
�
𝑎

 × �
𝑊
3
�
𝑏

  

Where: 
EF is the emission factor in lbs/VMT. 
S is road material silt content (in percent) 
W is average vehicle weight (tons) 
k is factor for PM10 or PM2.5 
a is exponent for silt content factor 
b is exponent for vehicle weight factor 

 

Annual emissions from road dust are calculated by multiplying the emission factor by the annual 
vehicle miles traveled, as given in the following example calculation: 

𝑃 = 𝐸𝐹 × 𝑉𝑀𝑇 × �
100 − 𝐶𝐹

100
� ×  

1
3

×
1

2000
 

Where: 
P is annual average emissions of PM10 or PM2.5 in tpy. 
EF is the emission factor in lbs/acre-year. 
VMT is the total vehicle VMT for hauling excavated dirt 
CF is control factor for moist roadways (assumed 75 percent) 
3 is the total length of the project in years 
2000 is the conversion from pounds to tons. 
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3.2.5 Total Fugitive Dust Emissions 
Total fugitive emissions are shown in Table 3-7 below. 

Table 3-7: Total Fugitive Dust Emissions 
Emission Category PM10 PM2.5 
Project Total (tons) 5.95 1.64 
Annual Average (tpy) 1.98 0.55 
Daily Maximum (lbs/day) 16.00 3.92 

3.3 Greenhouse Gas Emissions 
Total greenhouse gas emissions are presented as tons of CO2 equivalent (CO2e), where CO2e is the 
emissions of a certain greenhouse gas multiplied by its unitless global warming potential as 
compared to CO2. Therefore, CO2 has a global warming potential of 1, while other greenhouse gases 
have higher global warming potentials. For example, the majority of greenhouse gases emitted from 
fuel combustion are from CO2, CH4, and N2O, each with a global warming potential of 1, 21, and 310, 
respectively.  The global warming potential is a measure, relative to CO2, of the heat trapping 
capacity of the given GHG over a 100 year lifetime in the atmosphere. 

Greenhouse gas emissions were based on the calculated fuel use estimates presented in the 
construction estimate and emission factors from Tables C-1 and C-2 of 40 CFR 98. Total diesel 
usage is estimated at 1,434,925 gallons for the whole project. A 20 percent increase is included as a 
contingency for other small operations not included in the construction estimate, for a total diesel fuel 
usage of 1,721,910 gallons over the three years of the project. An example calculation is provided 
below, while a summary of greenhouse gas emissions are shown in Table 3-8. 

𝐶𝑂2𝑒 =  �𝑈 ×
𝑛

1

𝐻𝐻𝑉 × 𝐸𝐹𝑛 × 𝐺𝑊𝑃𝑛 ×
1000
453.6

×
1

2000
×

1
3
 

Where: 
CO2e is the annual average CO2 equivalent emissions in tons per year. 
n is each individual greenhouse gas. 
U is the total predicted fuel usage in gallons. 
HHV is the higher heating value of the fuel in mmBtu/gallon. 
EFn is the emission factor for the nth greenhouse gas in kg/mmBtu. 
GWPn is the global warming potential for the nth greenhouse gas. 
1000/453.6 is the conversion from kilograms to pounds. 
2000 is the conversion from pounds to tons. 
3 is the total length of the project in years. 

 
Table 3-8: Greenhouse Gas Emissions 

  
Emissions (tons) 

CO2 CH4 N2O CO2e 
Project Total 19,373 0.79 0.16 19,438 
Annual Average 6,458 0.26 0.05 6,479 

For a more detailed description of the greenhouse gas emissions estimate, see the report 
Greenhouse Gas Emissions for the Luce Bayou Interbasin Transfer Project.
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4.0   Results and Conclusions 

The annual average emissions for the LBITP are shown below in Table 4-1 with the EPA limits for 
conformity in the Harris and Liberty Counties. The limits for CO, VOC, NOx, SOx, PM10, and PM2.5 
are determined from the requirements of 40 CFR 93, where Harris County is in attainment for CO, 
SOx, PM10, and PM2.5. Harris County is considered to be in severe nonattainment for ozone, which 
lowers the conformity standard for VOCs and NOx to 25 tons per year, as they are precursors for 
ozone. 

Also included in Table 4-1 are the estimated annual greenhouse gas emissions, which are 
significantly lower than EPA’s designation of a major source of greenhouse gas, which is 100,000 
tons per year. This project is also expected to emit fewer than the 25,000 tons per year of 
greenhouse gases, the threshold for a facilities inclusion in EPA’s mandatory greenhouse gas 
reporting. 

Table 4-1: Results and Conformity to EPA in Tons Per Year 
  CO VOC NOx SOx PM10 PM2.5 CO2e 
EPA Conformity 
Emission Threshold 100 25 25 100 100 100 25,000 
Project Annual Average 19.74 2.02 19.52 0.20 3.63 2.15 6,479 

 

Based on the information provided in the construction estimate and the associated emissions 
estimate provided in Appendix A, the Luce Bayou Interbasin Transport Project is expected to conform 
with current emissions requirements. 
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Appendix A 
 
Emission Calculations 
 



Criteria Pollutants

CO VOC NOx SOx PM10 PM2.5 CO VOC NOx SOx PM10 PM2.5
Equipment 118,415 12,118 117,149 1,218 9,891 9,594 59.21 6.06 58.57 0.61 4.95 4.80
Fugitive Dust -- -- -- -- 11,899 3,281 -- -- -- -- 5.95 1.64
TOTAL 118,415 12,118 117,149 1,218 21,790 12,875 59.21 6.06 58.57 0.61 10.90 6.44

CO VOC NOx SOx PM10 PM2.5 CO VOC NOx SOx PM10 PM2.5
Equipment 39,472 4,039 39,050 406 3,297 3,198 19.74 2.02 19.52 0.20 1.65 1.60
Fugitive Dust -- -- -- -- 3,966 1,094 -- -- -- -- 1.98 0.55
TOTAL 39,472 4,039 39,050 406 7,263 4,292 19.74 2.02 19.52 0.20 3.63 2.15

CO VOC NOx SOx PM10 PM2.5
Equipment 383.62 40.11 376.73 4.22 32.90 31.91
Fugitive Dust -- -- -- -- 16.00 3.92
TOTAL 383.62 40.11 376.73 4.22 48.90 35.83

Greenhouse Gases

CO2 CH4 N2O CO2e CO2 CH4 N2O CO2e
TOTAL 38,745,051 1,572 314 38,875,494 19,373 1 0 19,438

CO2 CH4 N2O CO2e CO2 CH4 N2O CO2e
TOTAL 12,915,017 524 105 12,958,498 6,458 0 0 6,479

CO2 CH4 N2O CO2e
TOTAL 126,052 5 1 126,476

Introduction

Spreadsheet Format

Tab Name Description
Overview Presents Summary of emissions for the entire project and also lists key assumptions
DiesCon Presents detailed calculations for diesel equipment combustion emissions
PMCons Presents detailed calculations for fugitive particulate matter emissions
GHGCons Presents detailed calculations for GHG emissions from fuel combustion
Diesel EF Lists emission factors for diesel combustion including references and assumptions
PM EF Lists emission factors for particulate matter emissions, and references
GHG EF Lists emission factors for Greenhouse Gases (Carbon dioxide, Methane and Nitrous Oxide), and references
MetData Presents key data from climate normals for Houston International Airport
Conv Lists key unit conversions

Assumptions
Following are the key assumptions for the emission calculations
1) Meteorological data from Houston Bush Intercontinental Airport.  The average surface wind speed was computed to be 6.9 mph for use in particulate matter emission computations.
2) Total construction duration was assumed to be 783 working days. This is equivalent to three years when working 5 days a week.
3) Total duration for channel construction was assumed to be 500 working days, while pipeline construction was 310 working days, and box culvert installation was 357 working days. The pump station was variable, depending on equipment and fugitives.
4) Load factors for all diesel eqiupment were obtained from the USEPA NonRoad model (EPA-420-R-10-016 NR-005d July 2010)
5) Sulfur content in diesel fuel was assumed to be 15 ppm (conforming to the diesel fuel low sulfur standard)
6) Diesel emission factors for off-road equipment are USEPA Tier 3 standards.
7) Off-road diesel vehicle emission factors are from Mojave Desert Air Quality Management District, Emissions Inventory Guidance for Mineral Handling and Processing Industries, April 10, 2000.
8) On-road diesel vehicle emisison factors are USEPA, AP-42, Appendix H.
9) To be conservative, all diesel combustion particulate matter was assumed to be PM2.5
10) Equipment delivered on heavy-duty diesel on-road trucks, from an average distance of 75 miles.
11) Construction activities will be carried out for 9 hrs in a day
12) Soil moisture content was assumed to be 14% and silt content was assumed to be 8% (USEPA and AWMA)
13) GHG emission factors were from USEPA, Table C-1 and C-2 of 40 CFR 98
All other assumptions and references are mentioned in the detailed calculation tabs as applicable

Emissions (lbs)
Daily Maximum Greenhouse Gas Emissions

The goal of this spreadsheet is to provide an estimate of the total criteria pollutant emissions, the maximum daily criteria pollutant emissions, and the total greenhouse gas emissions
from the Luce Bayou/Trinity River Project. A summary of the total emissions is provided above, while the remaining spreadsheets provide detailed calculations as described below.

Emissions (lbs) Emissions (tons)

Annual Average Greenhouse Gas Emissions
Emissions (lbs) Emissions (tons)

3-Year Project Total Greenhouse Gas Emissions

Luce Bayou Emissions Summary

Emissions (lbs) Emissions (tons)
3-Year Project Total Criteria Pollutant Emissions

Emissions (lbs)
Daily Maximum Criteria Pollutant Emissions

Annual Average Criteria Pollutant Emissions
Emissions (lbs) Emissions (tons)



Construction Emissions
Criteria Pollutants from Diesel Engines

CO VOC NOx SOx PM10 PM2.5 CO VOC NOx SOx PM10 PM2.5
TOTAL 118,415 12,118 117,149 1,218 9,891 9,594 59.21 6.06 58.57 0.61 4.95 4.80

Maximum Daily Equipment Criteria Emissions

CO VOC NOx SOx PM10 PM2.5
TOTAL 383.6 40.1 376.7 4.2 32.9 31.9

Construction Info and Assumptions
Provided by in Fuel Consumption Estimate unless otherwise noted
Hrs per day 9 hours
Days of Construction (General) 783 days
Days of Construction (Channel On-Site) 350 days
Days of Construction (Channel Off-Site) 589 days
Days of Construction (Pipeline) 310 days
Days of Construction (Pipe-Support) 268 days
Days of Construction (Culvert) 357 days

Days of Construction (Pump Station) a 75/200/250/300 days

Off site Trip length (one way) 2.5 miles
Round Trip Time 25 minutes

All equipment delivered on

heavy-duty diesel on-road trucks b 75 miles Assumed avg distance

Diesel PM Ratio  c 0.97 PM2.5/PM10 EPA NONROAD NR-009d

Channel Construction Diesel Emissions

Activity Equipment Quantity EF Unit
Hours or
VMT per
vehicle

Vehicle Type
or Tier d

Engine Rating
(HP) e

EF Horsepower
Group

Load Factor
(LF) Assign-

ment

Avg LF
(%) CO HC NOx SOx PM10 PM2.5 CO

(lbs)
HC
(lbs)

NOx
(lbs)

SOx
(lbs)

PM10
(lbs)

PM2.5
(lbs)

CO
(lbs)

HC
(lbs)

NOx
(lbs)

SOx
(lbs)

PM10
(lbs)

PM2.5
(lbs)

Off-Road Equipment and Vehicles

Canal Excavation (On-Site) Agri. Tractor with Scrapers 4 g/hp-hr 3,150 3 330 300 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 14,062 1,082 15,143 26 811 787 40.2 3.1 43.3 0.1 2.3 2.2
Canal Excavation (On-Site) Large Bull Dozer (70%) 1 g/hp-hr 2,205 3 200 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 1,491 115 1,606 3 86 83 4.3 0.3 4.6 0.0 0.2 0.2
Canal Excavation (Off-Site) Medium Hydraulic Excavator 3 g/hp-hr 5,301 3 300 300 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 16,134 1,241 17,376 30 931 903 46.1 3.5 49.6 0.1 2.7 2.6
Canal Excavation (Off-Site) Medium Bull Dozer (70%) 3 g/hp-hr 3,711 3 185 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 6,965 536 7,500 13 402 390 19.9 1.5 21.4 0.0 1.1 1.1
Canal Excavation (On-Site Support) Large Bull Dozer (70%) 1 g/hp-hr 2,205 3 200 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 1,491 115 1,606 3 86 83 4.3 0.3 4.6 0.0 0.2 0.2
Canal Excavation (On-Site Support) Large Compactor (30%) 1 g/hp-hr 945 3 315 300 SS 0.43 2.60 0.20 2.80 0.005 0.15 0.15 734 56 790 1 42 41 2.1 0.2 2.3 0.0 0.1 0.1
Canal Excavation (Off-Site Support) Large Bull Dozer (70%) 1 g/hp-hr 3,711 3 200 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 2,510 193 2,703 5 145 140 7.2 0.6 7.7 0.0 0.4 0.4
Canal Excavation (Off-Site Support) Large Compactor (30%) 1 g/hp-hr 1,590 3 315 300 SS 0.43 2.60 0.20 2.80 0.005 0.15 0.15 1,235 95 1,330 2 71 69 3.5 0.3 3.8 0.0 0.2 0.2
Pipeline Installation Large Hydraulic Excavator 2 g/hp-hr 2790 3 428 300 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 8,077 621 8,698 15 466 452 26.1 2.0 28.1 0.0 1.5 1.5
Pipeline Installation Large Rubber Tire Loader 1 g/hp-hr 2790 3 250 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 2,359 181 2,540 4 136 132 7.6 0.6 8.2 0.0 0.4 0.4
Pipeline Installation Medium Bull Dozer 1 g/hp-hr 2790 3 185 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 1,746 134 1,880 3 101 98 5.6 0.4 6.1 0.0 0.3 0.3
Pipeline Installation Medium Compactor (30%) 1 g/hp-hr 837 3 105 100 SS 0.43 3.70 0.20 2.80 0.005 0.22 0.21 308 17 233 0 18 18 1.0 0.1 0.8 0.0 0.1 0.1
Pipeline Installation (Support) Medium Hydraulic Excavator 1 g/hp-hr 2412 3 300 300 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 2,447 188 2,635 5 141 137 9.1 0.7 9.8 0.0 0.5 0.5
Pipeline Installation (Support) Large Bull Dozer (70%) 1 g/hp-hr 1688.4 3 200 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 1,142 88 1,230 2 66 64 4.3 0.3 4.6 0.0 0.2 0.2
Pipeline Installation (Support) Large Compactor (30%) 1 g/hp-hr 723.6 3 315 300 SS 0.43 2.60 0.20 2.80 0.005 0.15 0.15 562 43 605 1 32 31 2.1 0.2 2.3 0.0 0.1 0.1
Box Culvert Installation Large Hydraulic Excavator 2 g/hp-hr 3213 3 428 300 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 9,301 715 10,017 17 537 521 26.1 2.0 28.1 0.0 1.5 1.5
Box Culvert Installation Large Rubber Tire Loader 1 g/hp-hr 3213 3 250 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 2,716 209 2,925 5 157 152 7.6 0.6 8.2 0.0 0.4 0.4
Box Culvert Installation Medium Bull Dozer 1 g/hp-hr 3213 3 185 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 2,010 155 2,165 4 116 112 5.6 0.4 6.1 0.0 0.3 0.3
Box Culvert Installation Medium Compactor (30%) 1 g/hp-hr 963.9 3 105 100 SS 0.43 3.70 0.20 2.80 0.005 0.22 0.21 355 19 269 0 21 20 1.0 0.1 0.8 0.0 0.1 0.1

Pump Station Construction a Medium Hydraulic Excavator 3 g/hp-hr 1800 3 300 300 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 5,479 421 5,900 10 316 307 27.4 2.1 29.5 0.1 1.6 1.5

Pump Station Construction a Medium Rubber Tire Loader 4 g/hp-hr 2700 3 200 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 7,305 562 7,867 14 421 409 24.3 1.9 26.2 0.0 1.4 1.4

Pump Station Construction a Medium Bull Dozer 3 g/hp-hr 2700 3 185 175 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 5,068 390 5,458 10 292 284 20.3 1.6 21.8 0.0 1.2 1.1

Pump Station Construction a Meidum Crane 1 g/hp-hr 675 3 325 300 Hi 0.59 2.60 0.20 2.80 0.005 0.15 0.15 742 57 799 1 43 42 3.0 0.2 3.2 0.0 0.2 0.2
On-Road Vehicles
Equipment Delivery and Return b Heavy Duty On-Road Trucks 59 g/vmt 150 HDD_on 300 0 9.90 2.00 6.50 0.43 1.82 1.77 193 39 127 8 36 35 13.8 2.8 9.1 0.6 2.5 2.5
Canal Excavation (Off-Site) Dump Trucks 15 g/vmt 63,612 HDD_on 150 0 9.90 2.00 6.50 0.43 1.82 1.77 20,825 4,207 13,673 897 3,836 3,721 59.5 12.0 39.1 2.6 11.0 10.6
Pipeline Installation (Support) Dump Trucks 5 g/vmt 28,944 HDD_on 150 0 9.90 2.00 6.50 0.43 1.82 1.77 3,159 638 2,074 136 582 564 11.8 2.4 7.7 0.5 2.2 2.1
TOTAL 118,415 12,118 117,149 1,218 9,891 9,594 383.6 40.1 376.7 4.2 32.9 31.9

Notes:
a) This depends on equipment. The crane will operate for 75 days, excavators will operate for 200 days, bull dozers for 300 days, and loaders for 300 days per fuel consumption estimate.
b) Assumed an average distance for delivery of equipment is 75 miles one way. Therefore, delivery and removal is 2*75 miles, or 150 miles.
c) PM10 to PM2.5 conversion ratio assumed to be 0.97 from EPA's NONROAD model documentation (NR-009d).
d) Assume all equipments used will conform Tier 3 requirements.
e) Engine rating (hp) is the horsepower of an engine for a representative piece of equipment.
f) Maximum Daily Emissions are calculated by taking the total project emissions and dividing by the operational days. Equipment delivery and return is estimated to take two weeks, thus these emissions are divided by 14.

Project Average Daily Emissions f

Emissions (lbs)

Project Total Equipment Criteria Emissions

Emission Factor Project Total Emissions

Emissions (lbs) Emissions (tons)



Construction Fugitive Emissions
Particulate Matter

PM10 PM2.5 PM10 PM2.5
Material Handling 1,224.3 185.4 0.6 0.1
Exposed Storage Piles 1,632.9 653.2 0.8 0.3
Disturbed Ground 5,126.2 2,050.5 2.6 1.0
Unpaved Roads 3,915.9 391.6 2.0 0.2
TOTAL 11,899.3 3,280.6 5.9 1.6

Daily Maximum Fugitive Dust Project Emission Estimation

PM10 PM2.5
Material Handling 2.0 0.3
Exposed Storage Piles 2.7 1.1
Disturbed Ground 4.7 1.9
Unpaved Roads 6.6 0.7
TOTAL 16.0 3.9

Construction Info and Assumptions
Provided by in Fuel Consumption Estimate unless otherwise noted
Assumed weight of Soil 87.5 lb/cf Approximate weight of soil (loose-75 lb/cg, compact-100 lb/cf)

1.18 tons/cy
Soil Moisture Content 14.00% From USEPA Section13.2.4 Table 13.2.4-1 for Clay/Soil
Soil Silt Content 8.00% From AWMA Engineering Manual (1992) for sand and gravel processing
Canal Soil Excavation 3,000,000 cy

3,543,750 tons
3,850 cy/day
4,548 tons/day
927,675 VMT 2.5 mile round trip, 21 trips per day, 15 dump trucks for 589 days (construction estimate)

Pipeline Installation 227,600 cy
268,853 tons
734 cy/day
867 tons/day

Box Culvert Installation 366,128 cy Estimated by ratio of length of pipeline installation to box culvert installation
432,488 tons
1,026 cy/day
1,211 tons/day

Pump Station Installation 1,100 cy
154 tons
1 cy/day
2 tons/day
0.1 acres disturbed land

Project Total Fugitive Dust Project Emission Estimation

Emissions (lbs)

Emissions (lbs) Emissions (tons)



Material Handling Emissions
Emission Factor

Activity EF Unit Tons
Handled

Moisture
Content
(%)

Moisture
Content Group

Amount of
Handled
Material

PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5

Canal Excavation On-site Excavation lbs/ton 3,543,750 14.00% 14.00% All 1.12E-04 1.69E-05 395.72 59.92 0.20 0.03 0.51 0.08
Canal Excavation On-site Unloading lbs/ton 1,771,875 14.00% 14.00% 1/2 All 1.12E-04 1.69E-05 197.86 29.96 0.10 0.01 0.25 0.04
Canal Excavation Off-site Temp storage lbs/ton 1,771,875 14.00% 14.00% 1/2 All 1.12E-04 1.69E-05 197.86 29.96 0.10 0.01 0.25 0.04
Canal Excavation Off-site Unloading lbs/ton 1,771,875 14.00% 14.00% 1/2 All 1.12E-04 1.69E-05 197.86 29.96 0.10 0.01 0.25 0.04
Pipeline Installation On-site Excavation lbs/ton 268,853 14.00% 14.00% All 1.12E-04 1.69E-05 30.02 4.55 0.02 0.00 0.10 0.01
Pipeline Installation Off-site Temp storage lbs/ton 268,853 14.00% 14.00% All 1.12E-04 1.69E-05 30.02 4.55 0.02 0.00 0.10 0.01
Pipeline Installation Off-site Unloading lbs/ton 268,853 14.00% 14.00% All 1.12E-04 1.69E-05 30.02 4.55 0.02 0.00 0.10 0.01
Box Culvert Installation On-site Excavation lbs/ton 432,488 14.00% 14.00% All 1.12E-04 1.69E-05 48.29 7.31 0.02 0.00 0.14 0.02
Box Culvert Installation Off-site Temp storage lbs/ton 432,488 14.00% 14.00% All 1.12E-04 1.69E-05 48.29 7.31 0.02 0.00 0.14 0.02
Box Culvert Installation Off-site Unloading lbs/ton 432,488 14.00% 14.00% All 1.12E-04 1.69E-05 48.29 7.31 0.02 0.00 0.14 0.02
Pump Station Construction On-Site Excavation lbs/ton 154 14.00% 14.00% All 1.12E-04 1.69E-05 0.02 0.00 0.00 0.00 0.00 0.00
Pump Station Construction On-Site Fill lbs/ton 154 14.00% 14.00% All 1.12E-04 1.69E-05 0.02 0.00 0.00 0.00 0.00 0.00
TOTAL 1,224.28 185.39 0.61 0.09 1.97 0.30
a) Daily Max is calculated using the cubic yards per day provided by the fuel consumption estimates.

Exposed Storage Piles

Activity EF Unit
Acres of
exposed
stockpile a

Exposure time
(yrs) b

Silt Loading
(%)

Silt Loading
Group PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5

Canal Excavation lbs/acre 0.26 1.92 8.00% 7.50% 2.19E+03 8.77E+02 1,082.12 432.85 0.54 0.22 1.55 0.62
Pipeline Installation lbs/acre 0.09 1.19 8.00% 7.50% 2.19E+03 8.77E+02 222.28 88.91 0.11 0.04 0.51 0.20
Box Culvert Installation lbs/acre 0.11 1.37 8.00% 7.50% 2.19E+03 8.77E+02 319.87 127.95 0.16 0.06 0.64 0.26
Pump Station Construction lbs/acre 0.00 3.00 8.00% 7.50% 2.19E+03 8.77E+02 8.65 3.46 0.00 0.00 0.01 0.00
TOTAL 1,632.92 653.17 0.82 0.33 2.71 1.08
a) Surface area of cone with volume of a weeks worth of excavation where the height of pile is half the side of the cone.(see calculation at bottom of sheet).
b) Exposure time is estimated to be the full project (783 working days, or 3 years) length for pump station construction, but only the time in the fuel estimate for canal, pipeline and box culvert.
c) Daily Max is calculated by dividing the total emissions by the exposure time.

Disturbed Ground Emission Estimation a

Emission Factor

Activity EF Unit
Acres of
Exposed
Land

Exposure time
(yrs) b

Vegetative
Cover (%) PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5

Pump Station Construction lbs/acre 0.1 3.00 0.00% 2.E+04 7.E+03 5126 2050 2.56 1.03 4.68 1.87
TOTAL 5126 2050 2.56 1.03 4.68 1.87
a) Once excavation and/or installation is complete of the canal, pipeline, and box culvert, disturbed ground to be immediately hydromulched. This prevents disturbed ground emissions.
b) Exposure time is estimated to be the full project (783 working days, or 3 years) length for canal excavation and pump station construction, but only the time in the fuel estimate for pipeline and box culvert.
c) Daily Max is calculated by dividing the total emissions by the exposure time.

Daily Max (lbs) a

Daily Max (lbs) c

Daily Max (lbs) c

Emission Factor

Project Emissions (lbs) Project Emissions (tons)

Emissions (lbs) Emissions (tons)

Emissions (lbs) Emissions (tons)



Unpaved Road Emissions a

Emission Factor

Activity EF Unit VMT
Avg Vehicle
Weight
(tons) b

Control
(%) c PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5

Canal Excavation Offsite soil transport (full) lbs/VMT 463,837.5 14.73 75.00% 3.38E-02 3.38E-03 3916 392 1.96 0.20 6.65 0.66
TOTAL 3916 392 1.96 0.20 6.65 0.66
a) It was assumed the dump truck route to the offsite excavation area was unpaved.
b) Vehicle weight is estimated to be 10 tons empty. The dump truck can haul 8 cy, therefore 9.45 tons are added to the wieght of the full truck.
c) A control factor of 75% is assumed because of soil moisture and watering.
d) Daily Max is calculated by dividing the total emissions by days of truck travel (589).

Surface area of cone calculation (Where s = 2h)
Knowns
Radius r
Height h
Side length s
Volume of Cone V=(1/3) x PI x r2 x h
Area of Cone A=Pi x r x s
radius r = SQRT(3) x h

Plugging in for r and s in terms of h
Volume V = Pi x h3

Area A = Pi x 2 x SQRT(3) x h2

Therefore
Height h = (V/Pi)1/3

Area A = 2 x SQRT(3) x Pi1/3 x V2/3

Emissions (lbs) Emissions (tons) Daily Max (lbs) c



GHG Emission Estimates

Estimated Fuel Usage in gallons for Construction, as provided by the Luce Bayou Fuel Consumption Estimates
Pump Station Channel Pipeline Box Culvert Other Fuel

Use
Total

Construction Days a 200 350 310 357
Diesel (Project) 222,210 762,756 276,296 173,663 286,985 1,721,910
Diesel (Max Day) 1,111 2,179 891 486 934 5,602
a) When more than one time frame is present per construction phase, the shorter value is taken for a more conservative maximum daily GHG emissions estimate.

Estimated GHG emissions

Fuel Usage
(gallons)

CO2
(lbs/gal)

CH4
(lbs/gal)

N2O
(lbs/gal)

CO2
(lbs)

CH4
(lbs)

N2O
(lbs)

CO2e
(lbs)

CO2e
(tons)

Diesel (Project) 1,721,910 2.25E+01 9.13E-04 1.83E-04 3.87E+07 1.57E+03 3.14E+02 3.89E+07 1.94E+04
Diesel (Max Day) 5,602 2.25E+01 9.13E-04 1.83E-04 1.26E+05 5.11E+00 1.02E+00 1.26E+05 6.32E+01

Emission Factor Emissions



Diesel Emission Factors

Diesel Internal Combustion EF - Stationary and Portable (Source: EPA and SBCAPCD DICE Emission Factors)
(SOx emission factors come from EPA NONROAD model report No. NR-009d, using EQ 7 on page 24)

SO2 = (BSFC * 453.6 * (1 - soxcnv) - HC) * 0.01 * soxdsl * 2
SO2 is used for SOx in g/hp-hr
BSFC is brake specific fuel consumption in lb/hp-hr
453.6 is the conversion from lbs to grams
soxcnv is an adjustment for conversion to PM (0.022)
HC is the emission factor in g/hp-hr
0.01 is a conversion from weight percent to weight fraction
soxdsl is the wt. percent of sulfur in nonroad diesel fuel (0.0015% per EPA Clean Air Nonroad Diesel Rule dated May 2004)
2 is the grams of SO2 formed from a gram of sulfur

Tier 1

CO HC NMHC+NOxNOx SOx PM BSFC
(lb/hp-hr)

0 11 6 7.8 0.01 0.75 0.41
11 25 4.9 7.1 0.01 0.6 0.41
25 50 4.1 7.1 0.01 0.6 0.41
50 100 8.5 1 6.9 0.01 0.6 0.41
100 175 8.5 1 6.9 0.00 0.6 0.37
175 300 8.5 1 6.9 0.00 0.4 0.37
300 600 8.5 1 6.9 0.00 0.4 0.37
600 750 8.5 1 6.9 0.00 0.4 0.37
750 1000000 8.5 1 6.9 0.00 0.4 0.37

Tier 2

CO HC NMHC+NOxNOx SOx PM BSFC
(lb/hp-hr)

0 11 6 5.6 0.01 0.6 0.41
11 25 4.9 5.6 0.01 0.6 0.41
25 50 4.1 0.4 5.6 5.2 0.01 0.45 0.41
50 100 3.7 0.4 5.6 5.2 0.01 0.3 0.41
100 175 3.7 0.4 4.9 4.5 0.00 0.22 0.37
175 300 2.6 0.4 4.9 4.5 0.00 0.15 0.37
300 600 2.6 0.3 4.8 4.5 0.00 0.15 0.37
600 750 2.6 0.3 4.8 4.5 0.00 0.15 0.37
750 1000000 2.6 0.3 4.8 4.5 0.00 0.15 0.37

Horsepower >= A, but <Y

Horsepower >= A, but <Y EF in g/bhp-hr

EF in g/bhp-hr



Tier 3

CO HC NMHC+NOxNOx SOx PM BSFC
(lb/hp-hr)

50 100 3.7 0.2 3.5 3.3 0.01 0.3 0.41
100 175 3.7 0.2 3 2.8 0.00 0.22 0.37
175 300 2.6 0.2 3 2.8 0.00 0.15 0.37
300 600 2.6 0.2 3 2.8 0.00 0.15 0.37
600 750 2.6 0.2 3 2.8 0.00 0.15 0.37

Tier 4

CO HC NMHC+NOxNOx SOx PM BSFC
(lb/hp-hr)

0 11 6 5.6 0.01 0.3 0.41
11 25 4.9 5.6 0.01 0.3 0.41
25 50 4.1 5.6 0.01 0.22 0.41
50 75 3.7 3.5 0.01 0.22 0.41
75 175 3.7 0.14 0.3 0.00 0.015 0.37
175 750 2.6 0.14 0.3 0.00 0.015 0.37
750 1000000 2.6 0.14 3 2.6 0.00 0.03 0.37

On Road and Off Road Vehicle Emission Factors

Heavy Duty Diesel Off Road (Source: EPA NONROAD NR-009d. Tier 3 emissions with Transient Adjustment Factor for Off-highway trucks)
TAF

CO ROG HC+NOx NOx SOx PM10 BSFC CO ROG HC+NOx NOx SOx PM10 BSFC
0 100000 3.98 0.21 3.00 2.91 0.00 0.15 0.37 1.53 1.05 1 1.04 1 1 1.01

Heavy Duty Diesel On Road (Source EPA AP42 Appendix H for CO, ROG, HC+Nox and NOX, SOx and PM10 from MDAQMD Mineral Guidance Testing)
EF in lbs/1000 vmt (from MDAQMD)

CO ROG HC+NOx NOx SOx PM10 CO ROG HC+NOx NOx SOx PM10
0 100000 9.90 2.00 8.50 6.50 0.43 1.82 -- -- -- -- 0.94 4.02

Light Duty Diesel Off Road
EF in lbs/(1000 hp-hr)

CO ROG HC+NOx NOx SOx PM10 CO ROG HC+NOx NOx SOx PM10
0 100000 0.00 0.00 0.00 0.00 0.00 0.00

Light Duty Diesel On Road (Source AP42 Appendix H)

CO ROG HC+NOx NOx SOx PM10
0 100000 1.15 0.29 1.16 0.87

EF in g/hp-hr

EF in g/vmt

Horsepower >= A, but <Y

Horsepower >= A, but <Y

Horsepower >= A, but <Y

Horsepower >= A, but <Y

Horsepower >= A, but <Y

Horsepower >= A, but <Y

EF in g/vmt

EF in g/bhp-hr

EF in g/bhp-hr

EF in g/hp-hr



NonRoad CI Load Factors
Low 0.21
Hi 0.59
SS 0.43

SS = stead-state

Source:
Median Life, Annual Activity, and Load
Factor Values for Nonroad Engine
Emissions Modeling
NR-005d
EPA-420-R-10-016 NR-005d July 2010



Fugitive Dust Emission Factors

Material Handling Emission Factors (USEPA AP42 Section 13.2.4)
PM 10 Emission Factor in lbs/ton Raw Emissions factor in lbs/ton handled

2.5 5 6.9 10 15 20 25 35 45 2.5 5 6.9 10 15 20 25 35 45
2.00% 4.55E-04 1.12E-03 1.70E-03 2.76E-03 4.67E-03 6.79E-03 9.08E-03 1.41E-02 1.95E-02 2.00% 1.30E-03 3.20E-03 4.86E-03 7.88E-03 1.33E-02 1.94E-02 2.59E-02 4.02E-02 5.57E-02
4.00% 1.72E-04 4.24E-04 6.45E-04 1.04E-03 1.77E-03 2.57E-03 3.44E-03 5.33E-03 7.38E-03 4.00% 4.92E-04 1.21E-03 1.84E-03 2.99E-03 5.06E-03 7.35E-03 9.83E-03 1.52E-02 2.11E-02
6.00% 9.77E-05 2.41E-04 3.66E-04 5.92E-04 1.00E-03 1.46E-03 1.95E-03 3.02E-03 4.19E-03 6.00% 2.79E-04 6.87E-04 1.04E-03 1.69E-03 2.87E-03 4.17E-03 5.57E-03 8.63E-03 1.20E-02
8.00% 6.53E-05 1.61E-04 2.44E-04 3.96E-04 6.71E-04 9.75E-04 1.30E-03 2.02E-03 2.80E-03 8.00% 1.87E-04 4.59E-04 6.98E-04 1.13E-03 1.92E-03 2.79E-03 3.72E-03 5.77E-03 7.99E-03
10.00% 4.78E-05 1.18E-04 1.79E-04 2.90E-04 4.91E-04 7.13E-04 9.54E-04 1.48E-03 2.05E-03 10.00% 1.37E-04 3.36E-04 5.11E-04 8.28E-04 1.40E-03 2.04E-03 2.72E-03 4.22E-03 5.85E-03
12.00% 3.70E-05 9.12E-05 1.39E-04 2.24E-04 3.80E-04 5.53E-04 7.39E-04 1.14E-03 1.59E-03 12.00% 1.06E-04 2.60E-04 3.96E-04 6.41E-04 1.09E-03 1.58E-03 2.11E-03 3.27E-03 4.53E-03
14.00% 2.98E-05 7.35E-05 1.12E-04 1.81E-04 3.06E-04 4.45E-04 5.95E-04 9.22E-04 1.28E-03 14.00% 8.52E-05 2.10E-04 3.19E-04 5.17E-04 8.76E-04 1.27E-03 1.70E-03 2.63E-03 3.65E-03
16.00% 2.47E-05 6.09E-05 9.26E-05 1.50E-04 2.54E-04 3.69E-04 4.94E-04 7.65E-04 1.06E-03 16.00% 7.07E-05 1.74E-04 2.65E-04 4.29E-04 7.26E-04 1.06E-03 1.41E-03 2.19E-03 3.03E-03
18.00% 2.10E-05 5.17E-05 7.85E-05 1.27E-04 2.16E-04 3.13E-04 4.19E-04 6.48E-04 8.99E-04 18.00% 6.00E-05 1.48E-04 2.24E-04 3.64E-04 6.16E-04 8.95E-04 1.20E-03 1.85E-03 2.57E-03
20.00% 1.81E-05 4.46E-05 6.78E-05 1.10E-04 1.86E-04 2.70E-04 3.61E-04 5.60E-04 7.76E-04 20.00% 5.17E-05 1.27E-04 1.94E-04 3.14E-04 5.31E-04 7.72E-04 1.03E-03 1.60E-03 2.22E-03
22.00% 1.58E-05 3.90E-05 5.93E-05 9.61E-05 1.63E-04 2.37E-04 3.16E-04 4.90E-04 6.79E-04 22.00% 4.53E-05 1.11E-04 1.69E-04 2.74E-04 4.65E-04 6.76E-04 9.03E-04 1.40E-03 1.94E-03
24.00% 1.40E-05 3.45E-05 5.25E-05 8.51E-05 1.44E-04 2.09E-04 2.80E-04 4.34E-04 6.01E-04 24.00% 4.01E-05 9.87E-05 1.50E-04 2.43E-04 4.12E-04 5.98E-04 8.00E-04 1.24E-03 1.72E-03

PM2.5 Emissions Factor in lbs/ton

2.5 5 6.9 10 15 20 25 35 45
2.00% 6.89E-05 1.70E-04 2.58E-04 4.18E-04 7.07E-04 1.03E-03 1.37E-03 2.13E-03 2.95E-03
4.00% 2.61E-05 6.43E-05 9.77E-05 1.58E-04 2.68E-04 3.90E-04 5.21E-04 8.07E-04 1.12E-03
6.00% 1.48E-05 3.64E-05 5.54E-05 8.97E-05 1.52E-04 2.21E-04 2.95E-04 4.57E-04 6.34E-04
8.00% 9.89E-06 2.44E-05 3.70E-05 6.00E-05 1.02E-04 1.48E-04 1.97E-04 3.06E-04 4.24E-04
10.00% 7.24E-06 1.78E-05 2.71E-05 4.39E-05 7.43E-05 1.08E-04 1.44E-04 2.24E-04 3.10E-04
12.00% 5.61E-06 1.38E-05 2.10E-05 3.40E-05 5.76E-05 8.37E-05 1.12E-04 1.73E-04 2.40E-04
14.00% 4.52E-06 1.11E-05 1.69E-05 2.74E-05 4.64E-05 6.74E-05 9.01E-05 1.40E-04 1.94E-04
16.00% 3.75E-06 9.23E-06 1.40E-05 2.27E-05 3.85E-05 5.59E-05 7.48E-05 1.16E-04 1.61E-04
18.00% 3.18E-06 7.83E-06 1.19E-05 1.93E-05 3.26E-05 4.74E-05 6.34E-05 9.82E-05 1.36E-04
20.00% 2.74E-06 6.75E-06 1.03E-05 1.66E-05 2.82E-05 4.09E-05 5.47E-05 8.47E-05 1.17E-04
22.00% 2.40E-06 5.91E-06 8.98E-06 1.45E-05 2.46E-05 3.58E-05 4.79E-05 7.41E-05 1.03E-04
24.00% 2.12E-06 5.23E-06 7.95E-06 1.29E-05 2.18E-05 3.17E-05 4.24E-05 6.56E-05 9.10E-05

Storage Pile Raw Emission Factor (MDAQMD Mineral Guidance developed from Air & Waste Management Associate Air Pollution Engineering Manual)

# of days with rain % time with wind >
12 mph (5.364
m/s)

Raw
Emission
Factor

107 19.30 0.29

Storage Pile Emission Factors (lbs/acre-yr)

0.50% 1.00% 1.50% 3.00% 5.00% 7.50% 10.00% 15.00% 20.00% 30.00%
PM10 0.5 1.46E+02 2.92E+02 4.38E+02 8.77E+02 1.46E+03 2.19E+03 2.92E+03 4.38E+03 5.84E+03 8.77E+03
PM2.5 0.2 5.84E+01 1.17E+02 1.75E+02 3.51E+02 5.84E+02 8.77E+02 1.17E+03 1.75E+03 2.34E+03 3.51E+03

Disturbed Areas Emission Factors (MDAQMD Mineral Guidance Based on USEPA AP-42 Section 13.2.5) Correction Factor Table

Mean Wind Speed
(m/s)
(u)

threshold fric vel
for a construction
site
(u*t)

ratio of wind
speed to fric
vel for light
industrial
(u*)

threshold
value
(ut)

x C(x) x 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

3.084488154 0.26 8 2.08 0.597467038 1.86 C(x) 1.91 1.9 1.89 1.86 1.83 1.77 1.7 1.6 1.48 1.33 1.2 1.05 0.9 0.78 0.62 0.5 0.4 0.29

Emission Factor (lbs/acre-yr)
EF
lbs/yr

PM10 0.5 17068.53914
PM2.5 0.2 6827.415656

Unpaved Roads Emission Factors (USEPA AP-42 Section 13.2.2)
EF = k x (s/12)a x (W/3)b

Variables Emission Factor (lbs/VMT)
PM10 PM2.5 EF

Particle Factor (k) 1.5 0.15 PM10 3.38E-02
Silt content (s) PM2.5 3.38E-03
Vehicle Weight
Constant (a)
Constant (b)
Avg Vehicle Wt
 Vehicle weight is estimated to be 10 tons empty. The dump truck can haul 8 cy, therefore 9.45 tons are added to the wieght of the full truck.

14.73

0.45

Silt Loading (%)Particle Aerodynamic Factor

Wind Speed (mph)Moisture Content
(%)

Moisture Content Wind Speed (mph)

Moisture Content Wind Speed (mph)

8.00%

0.9
0.45

Particle Aerodynamic Factor



US EPA Greenhouse Gas Emission Factors
From Tables C-1 and C-2 of 40 CFR 98

Combustion of Fuels
Fuel HHV

(mmBTU/gall
on)

CO2
(kg/mmBtu)

CH4
(kg/mmBtu)

N2O
(kg/mmBtu)

CO2
(lb/gal)

CH4
(lb/gal)

N2O
(lb/gal)

Diesel 0.138 73.96 3.00E-03 6.00E-04 2.25E+01 9.13E-04 1.83E-04
Gasoline 0.125 70.22 3.00E-03 6.00E-04 1.94E+01 8.27E-04 1.65E-04

Global Warming Potential
CO2 CH4 N2O
1 21 310
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Table 3-23: 
Property Size by Parcel Number, Land Use, Displacement and ROW Acquisition Cost for Alternative 4 

Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

1 

Undetermined 
Land Use; 

Farm/Ranch 
Land (not in 
use); Other 

Right of 
Way/Easement; 
Unusable land 

(land under 
water) 

Woody 
Wetlands; 

Developed, 
Open Space; 

Emergent 
Herbaceous 

Wetlands 

90.50 22.11 $644.81 $2,640.00 Unable to 
determine No NA 22.11 

2 Other Right of 
Way/Easement 

Woody 
Wetlands 841.73 0.50 $144.95 $243,900.00 Unable to 

determine No NA 0.50 

3 

Farm/Ranch 
Land (in use); 
Farm/Ranch 

Land (not in use) 

Woody 
Wetlands; 
Evergreen 

Forest; Mixed 
Forest; 

Developed, 
Open Space; 
Grassland, 

Herbaceous; 
Emergent 

Herbaceous 
Wetlands 

1,175.42 52.97 $36,052.65 $799,950.00 

Unable to 
determine 

 
No NA 52.97 



2 
 

Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

4 

Farm/Ranch 
Land (not in 

use); 
Farm/Ranch 

Land (in use); 
Other Right of 

Way/Easement; 
Undetermined 

Land Use 

Woody 
Wetlands; 
Grassland, 

Herbaceous; 
Developed, 

Open Space; 
Mixed Forest; 

Evergreen 
Forest 

1,048.03 45.43 $11,732.69 $270,650.00 Unable to 
determine No NA 45.43 

5 Farm/Ranch 
Land (in use) 

Woody 
Wetlands 500.69 2.64 $1,511.42 $286,790.00 Unable to 

determine No NA 2.64 

6 

Other Right of 
Way/Easement; 

Farm/Ranch 
Land (in use) 

Woody 
Wetlands 638.60 32.17 $28,916.23 $574,010.00 

Unable to 
determine 

 
No NA 32.17 

7 

Farm/Ranch 
Land (in use); 
Farm/Ranch 

Property (other); 
Public Roads; 
Other Right of 
Way/Easement 

Woody 
Wetlands; Mixed 

Forest; 
Evergreen 

Forest; 
Emergent 

Herbaceous 
Wetlands; 

Developed, 
Open Space 

2,045.71 57.49 $4,327.93 $154,000.00 Unable to 
determine No NA 57.49 

8 Farm/Ranch 
Property (other) 

Woody 
Wetlands; 

Developed, 
Open Space 

1,041.82 17.34 $13,499.97 $811,290.00 Unable to 
determine No NA 17.34 



3 
 

Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

9 
Public Roads; 
Farm/Ranch 
Land (in use) 

Woody 
Wetlands; 

Developed, 
Open Space; 
Mixed Forest 

21.28 1.64 $0.00 - 
Unable to 
determine 

 
No NA 1.64 

10 

Farm/Ranch 
Land (in use); 
Farm/Ranch 

Property (other); 
Farm/Ranch 

Land (not in use) 

Woody 
Wetlands; 

Developed, 
Open Space 

76.82 6.55 $16,080.78 $188,710.00 Unable to 
determine No NA 6.55 

11 

Farm/Ranch 
Land (not in 

use); 
Farm/Ranch 
Land (in use) 

Woody 
Wetlands 19.22 1.88 $6,171.83 $63,050.00 Unable to 

determine No NA 1.88 

12 Farm/Ranch 
Land (in use) 

Grassland, 
Herbaceous; 
Shrub, Scrub; 
Mixed Forest; 

Woody 
Wetlands 

730.55 27.55 $59,873.72 $1,587,450.00 Unable to 
determine No NA 27.55 



4 
 

Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

13 Farm/Ranch 
Land (in use) 

Evergreen 
Forest; Woody 

Wetlands; 
Developed, 

Open Space; 
Emergent 

Herbaceous 
Wetlands; 
Grassland, 
Herbaceous 

296.63 11.28 $13,707.84 $360,530.00 Unable to 
determine No NA 11.28 

14 Farm/Ranch 
Land (in use) 

Shrub, Scrub; 
Woody 

Wetlands; 
Grassland, 

Herbaceous; 
Evergreen 

Forest 

918.29 19.26 $6,560.75 $312,790.00 Unable to 
determine No NA 19.26 

15 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Deciduous 

Forest; Woody 
Wetlands; 
Grassland, 

Herbaceous; 
Shrub, Scrub 

73.84 13.09 $15,897.96 $89,690.00 
Unable to 
determine 

 
No NA 13.09 



5 
 

Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

16 

Farm/Ranch 
Property 

(homestead & 
other) 

Woody 
Wetlands; 
Deciduous 

Forest; 
Cultivated 

Crops; Pasture, 
Hay; Developed, 

Open Space; 
Mixed Forest; 
Shrub, Scrub 

153.52 14.98 $42,092.02 $431,310.00 Unable to 
determine No NA 14.98 

17 Residential 
Single-Family 

Pasture, Hay; 
Mixed Forest 5.78 0.44 $8,010.04 $105,790.00 Residential Yes NA 0.44 

18 

Farm/Ranch 
Property 

(homestead & 
other) 

Woody 
Wetlands; 

Shrub, Scrub; 
Pasture, Hay; 

Deciduous 
Forest 

10.31 5.62 $84,026.26 $154,210.00 Residential Yes NA 10.31 

19 Farm/Ranch 
Land (in use) 

Woody 
Wetlands; 
Deciduous 

Forest 

4.24 0.14 $761.14 $23,780.00 Unable to 
determine No NA 0.14 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

20 

Farm/Ranch 
Property 

(homestead & 
other) 

Pasture, Hay; 
Woody 

Wetlands; 
Evergreen 

Forest; Shrub, 
Scrub; 

Grassland, 
Herbaceous 

97.53 15.43 $88,467.94 $559,060.00 Unable to 
determine No NA 15.43 

21 Vacant Developed, 
Open Space 3.52 0.01 $86.76 $51,980.00 Unable to 

determine 

 

No NA 0.01 

22 Commercial Developed, 
Open Space 1.11 0.00 $84.41 $19,710.00 Unable to 

determine No NA 0.0048 

23 Vacant 
Pasture, Hay; 
Developed, 
Open Space 

2.02 0.57 $7,173.79 $25,500.00 Unable to 
determine No NA 2.02 

24 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Deciduous 

Forest; 
Evergreen 

Forest; 
Developed, 
Open Space 

34.11 7.25 $334,190.14 $1,572,140.00 
Unable to 
determine 

 
No NA 7.25 

25 Undetermined 
Land Use 

Evergreen 
Forest; 

Deciduous 
Forest 

132.89 8.73 $0.00 $0.00 Unable to 
determine No NA 8.73 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

26 Undetermined 
Land Use 

Pasture, Hay; 
Shrub, Scrub; 

Evergreen 
Forest; 

Deciduous 
Forest 

245.35 21.83 $0.00 $0.00 Unable to 
determine No NA 21.83 

27 Undetermined 
Land Use 

Pasture, Hay; 
Deciduous 

Forest 
246.68 6.33 $0.00 $0.00 

Unable to 
determine 

 

No NA 6.33 

28 Undetermined 
Land Use 

Pasture, Hay; 
Developed, 
Open Space 

80.08 13.95 $0.00 $0.00 Unable to 
determine No NA 13.95 

29 Farm/Ranch 
Land (in use) 

Cultivated 
Crops; Pasture, 
Hay; Developed, 

Open Space; 
Developed, Low 

Intensity 

10.60 2.55 $14,156.38 $58,850.00 Commercial 
(farming) Yes Data 

unavailable 2.55 

30 Farm/Ranch 
Land (not in use) 

Developed, 
Open Space; 

Developed, Low 
Intensity; 

Pasture, Hay; 
Cultivated Crops 

9.45 1.07 $6,645.74 $58,850.00 Unable to 
determine No NA 1.07 

31 Residential 
Mobile Home 

Developed, 
Open Space; 

Developed, Low 
Intensity 

11.09 0.05 $358.85 $82,470.00 Unable to 
determine No NA 0.05 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

32 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Cultivated 

Crops; Shrub, 
Scrub; 

Developed, 
Open Space; 

Developed, Low 
Intensity 

1,232.26 29.64 $54,000.58 $2,245,320.00 
Unable to 
determine 

 
No NA 29.64 

33 Undetermined 
Land Use 

Pasture, Hay; 
Cultivated Crops 233.96 19.00 - $0.00 Unable to 

determine No NA 19.00 

34 Farm/Ranch 
Property 

(homestead & 
 

Pasture, Hay 67.69 7.14 $83,442.62 $790,960.00 Unable to 
determine 

No NA 7.14 

35 Other Right of 
Way/Easement 

Pasture, Hay 29.77 1.24 $3,216.68 $77,420.00 Unable to 
determine 

 

No NA 1.24 

36 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Cultivated Crops 9.34 0.48 $3,139.30 $60,720.00 Unable to 

determine No NA 0.48 

37 Farm/Ranch 
Land (in use) 

Cultivated 
Crops; Pasture, 

Hay 
25.38 0.0029 $10.55 $93,530.00 Unable to 

determine No NA 0.0029 

38 Farm/Ranch 
Land (not in use) 

Pasture, Hay; 
Developed, 
Open Space 

24.39 7.53 $25,435.80 $82,390.00 
Unable to 
determine 

 

No NA 24.39 

39 Farm/Ranch 
Land (not in use) 

Pasture, Hay; 
Grassland, 

Herbaceous; 
Shrub, Scrub; 
Developed, 
Open Space 

27.22 5.96 $0.00 $0.00 Unable to 
determine No NA 5.96 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

40 Farm/Ranch 
Land (not in use) 

Pasture, Hay; 
Developed, 

Open Space; 
Shrub, Scrub; 

Deciduous 
Forest 

28.15 2.92 $11,378.80 $109,740.00 Unable to 
determine No NA 2.92 

41 

Farm/Ranch 
Property 

(homestead 
only); 

Farm/Ranch 
Land (not in use) 

Pasture, Hay; 
Deciduous 

Forest; 
Grassland, 

Herbaceous; 
Shrub, Scrub; 
Developed, 
Open Space 

273.04 17.99 $32,565.59 $494,340.00 

Unable to 
determine 

 
No NA 17.99 

42 

Farm/Ranch 
Property 

(homestead 
only) 

Pasture, Hay; 
Deciduous 

Forest 
90.92 4.31 $26,889.26 $567,510.00 Unable to 

determine No NA 4.31 

43 

Farm/Ranch 
Property 

(homestead & 
other) 

Pasture, Hay; 
Grassland, 

Herbaceous; 
Deciduous 

Forest 

28.33 7.89 $32,379.83 $116,310.00 Residential Yes Data 
unavailable 28.33 

44 Other Right of 
Way/Easement 

Pasture, Hay 9.71 0.44 $2,622.75 $58,140.00 Unable to 
determine 

No NA 0.44 

45 Farm/Ranch 
Land (not in use) 

Shrub, Scrub; 
Pasture, Hay 

10.19 2.08 $11,964.83 $58,650.00 Unable to 
determine 

No NA 2.08 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

46 

Farm/Ranch 
Property 

(homestead & 
other) 

Shrub, Scrub; 
Pasture, Hay 10.32 1.94 $12,159.99 $64,750.00 Agricultural Yes NA 1.94 

47 

Farm/Ranch 
Property 

(homestead & 
other) 

Shrub, Scrub; 
Pasture, Hay 9.49 1.74 $33,538.33 $182,550.00 Unable to 

determine No NA 1.74 

48 Other Right of 
Way/Easement 

Shrub, Scrub; 
Pasture, Hay 

30.08 0.43 $1,621.63 $114,700.00 Unable to 
determine 

No NA 0.43 

49 Farm/Ranch 
Property (other) 

Shrub, Scrub; 
Pasture, Hay 

10.58 1.86 $15,011.36 $85,450.00 Residential Yes Data 
unavailable 

1.86 

50 Farm/Ranch 
Land (not in use) 

Shrub, Scrub; 
Pasture, Hay 

11.33 1.96 $11,167.77 $64,550.00 Commercial/ 
Agricultural 

Yes Data 
unavailable 

1.96 

51 Farm/Ranch 
Land (not in use) 

Shrub, Scrub; 
Pasture, Hay 

22.88 3.83 $16,627.79 $99,310.00 Residential Yes Data 
unavailable 

3.83 

52 Residential 
Single-Family 

Pasture, Hay; 
Shrub, Scrub 

11.63 1.27 $7,826.23 $71,850.00 Unable to 
determine 

No NA 1.27 

53 Farm/Ranch 
Land (not in use) 

Pasture, Hay; 
Shrub, Scrub 11.58 0.50 $3,609.48 $82,820.00 Unable to 

determine No NA 0.50 

54 Farm/Ranch 
Property 

t d & 
 

Pasture, Hay 11.93 0.02 $100.97 $72,610.00 Unable to 
determine 

 

No NA 0.02 

55 Farm/Ranch 
Land (not in use) 

Developed, 
Open Space; 

Cultivated 
Crops; Pasture, 

Hay 

14.90 0.51 $2,706.61 $79,450.00 Unable to 
determine No NA 0.51 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

56 Farm/Ranch 
Property (other) 

Cultivated 
Crops; 

Developed, 
Open Space; 
Pasture, Hay 

16.83 2.41 $13,342.90 $93,240.00 Unable to 
determine No NA 2.41 

57 

Farm/Ranch 
Property 

(homestead 
only) 

Cultivated 
Crops; 

Developed, 
Open Space; 
Pasture, Hay 

20.94 4.25 $45,001.11 $221,920.00 Unable to 
determine Yes $255,520.00 4.25 

58 Farm/Ranch 
Land (not in use) 

Cultivated 
Crops 

11.79 2.35 $11,741.41 $58,920.00 Unable to 
determine 

 

Yes Data 
unavailable 

2.35 

59 Farm/Ranch 
Land (in use) 

Cultivated 
Crops 

12.11 2.39 $11,614.77 $58,920.00 Unable to 
determine 

No NA 2.39 

60 

Farm/Ranch 
Property 

(homestead & 
other) 

Cultivated 
Crops 12.34 2.42 $12,465.08 $63,540.00 Unable to 

determine No NA 2.42 

61 

Farm/Ranch 
Property 

(homestead & 
other) 

Cultivated 
Crops 15.50 3.07 $18,327.22 $92,450.00 Residential Yes Data 

unavailable 3.07 

62 Other Right of 
Way/Easement 

Cultivated 
Crops 

1.65 0.33 $1,106.78 $5,470.00 Unable to 
determine 

No NA 0.33 

63 Other Right of 
Way/Easement 

Cultivated 
Crops 

7.06 1.37 $36,586.74 $188,350.00 Unable to 
determine 

No NA 1.37 

64 Farm/Ranch 
Land (in use) 

Cultivated 
Crops 

32.56 3.24 $10,743.60 $108,000.00 Unable to 
determine 

 

No NA 3.24 

65 Commercial Cultivated 
Crops 

12.34 1.71 $23,375.66 $168,450.00 Unable to 
determine 

No NA 1.71 



12 
 

Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

66 

Farm/Ranch 
Property 

(homestead & 
other) 

Cultivated 
Crops 16.19 2.53 $18,314.58 $117,450.00 Unable to 

determine No NA 2.53 

67 

Farm/Ranch 
Property 

(homestead 
only) 

Cultivated 
Crops 42.43 3.88 $16,665.90 $182,120.00 Unable to 

determine No NA 3.88 

68 

Farm/Ranch 
Property 

(homestead & 
other) 

Cultivated 
Crops 66.09 0.01 $20.85 $243,130.00 

Unable to 
determine 

 
No NA 0.01 

69 Other Right of 
Way/Easement 

Cultivated 
Crops; Pasture, 

Hay 
47.01 9.49 $27,992.31 $138,620.00 Unable to 

determine No NA 9.49 

70 Farm/Ranch 
Land (not in use) 

Cultivated 
Crops; Pasture, 

Hay 
10.48 0.27 $1,541.41 $58,850.00 Unable to 

determine No NA 0.27 

71 Farm/Ranch 
Property (other) 

Pasture, Hay 7.96 0.86 $13,107.97 $121,110.00 Unable to 
determine 

 

No NA 0.86 

72 Residential 
Single-Family 

Pasture, Hay; 
Cultivated 

Crops 
13.81 2.64 $18,616.61 $97,340.00 Unable to 

determine No NA 2.64 

73 Other Right of 
Way/Easement 

Cultivated 
Crops 10.81 2.08 $11,296.48 $58,850.00 Unable to 

determine No NA 2.08 

74 

Farm/Ranch 
Property 

(homestead & 
other) 

Cultivated 
Crops 8.84 1.64 $11,877.03 $63,840.00 

Unable to 
determine 

 
No NA 1.64 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

75 

Farm/Ranch 
Land (in use); 
Farm/Ranch 

Property 
(homestead & 

other) 

Cultivated 
Crops 8.93 1.73 $12,822.69 $66,000.00 Unable to 

determine No NA 1.73 

76 Other Right of 
Way/Easement 

Pasture, Hay; 
Cultivated 

Crops 
83.14 0.25 $275.42 $91,120.00 Unable to 

determine No NA 0.25 

77 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Cultivated 

Crops 
10.61 3.08 $19,151.89 $66,050.00 

Unable to 
determine 

 

No NA 10.61 

78 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Shrub, Scrub 

9.46 2.91 $20,312.22 $66,030.00 Unable to 
determine 

No NA 9.46 

79 Residential 
Single-Family 

Pasture, Hay; 
Shrub, Scrub 

5.65 1.74 $68,479.59 $222,780.00 Residential Yes Data 
unavailable 

5.65 

80 Farm/Ranch 
Land (not in use) 

Pasture, Hay; 
Shrub, Scrub 5.30 1.61 $12,727.26 $41,840.00 Unable to 

determine No NA 5.30 

81 
Residential 

Single-Family; 
Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Shrub, Scrub 10.77 3.10 $234,704.78 $815,830.00 Residential Yes $1,499,560.00 10.77 

82 Farm/Ranch 
Land (in use) Pasture, Hay 24.17 1.08 $7,469.97 $167,060.00 Unable to 

determine No NA 1.08 

83 

Farm/Ranch 
Property 

(homestead 
only); 

Farm/Ranch 
Land (in use) 

Pasture, Hay 95.67 0.06 $184.47 $316,150.00 Unable to 
determine No NA 0.06 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

84 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Developed, 
Open Space 

3.49 1.42 $9,244.56 $22,770.00 
Unable to 
determine 

 

No NA 3.49 

85 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Developed, 
Open Space 

2.44 1.97 $12,228.61 $15,180.00 Unable to 
determine No NA 2.44 

86 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Developed, 
Open Space 

2.42 1.37 $8,588.92 $15,180.00 Unable to 
determine No NA 2.42 

87 Farm/Ranch 
Land (in use) 

Developed, 
Open Space; 
Pasture, Hay 

2.14 0.39 $81,572.22 $451,430.00 Commercial Yes $370,600.00 0.39 

88 Other Right of 
Way/Easement 

Pasture, Hay; 
Developed, 
Open Space 

1.27 0.59 $5,575.00 $12,100.00 Unable to 
determine No NA 1.27 

89 Farm/Ranch 
Land (in use) 

Developed, 
Open Space; 
Pasture, Hay 

3.70 1.19 $12,959.31 $40,180.00 Unable to 
determine No NA 3.70 

90 Commercial 
Developed, 

Open Space; 
Pasture, Hay 

5.21 0.47 $7,400.69 $82,500.00 
Unable to 
determine 

 

No NA 0.47 

91 

Farm/Ranch 
Property 

(homestead & 
other) 

Pasture, Hay; 
Grassland, 

Herbaceous; 
Developed, 
Open Space 

23.26 2.73 $18,370.62 $156,480.00 Unable to 
determine No NA 2.73 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

92 Commercial 

Grassland, 
Herbaceous; 
Developed, 

Open Space; 
Deciduous 

Forest 

9.82 2.77 $41,664.13 $147,670.00 Commercial Yes Data 
unavailable 9.82 

93 Farm/Ranch 
Land (in use) 

Deciduous 
Forest; 

Grassland, 
Herbaceous; 

  

4.16 1.06 $9,687.45 $37,940.00 Unable to 
determine No NA 4.16 

94 
Farm/Ranch 

Property 
(homestead 

only) 

Deciduous 
Forest; 

Pasture, Hay; 
Grassland  

 

13.39 2.71 $80,126.13 $395,900.00 Unable to 
determine No NA 2.71 

95 Residential 
Single-Family Pasture, Hay 2.10 0.02 $1,447.90 $165,090.00 Residential Yes $306,740.00 0.02 

96 Farm/Ranch 
Land (not in use) 

Pasture, Hay; 
Deciduous 

Forest 
8.35 4.44 $20,514.64 $38,580.00 Unable to 

determine No NA 8.35 

98 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Deciduous 

Forest; 
Developed, 

Open Space; 
Woody 

Wetlands 

9.16 5.92 $25,646.55 $39,680.00 Residential Yes Data 
unavailable 5.92 

99 Residential 
Single-Family 

Developed, 
Open Space; 

Woody 
Wetlands; 

Pasture, Hay 

6.09 0.43 $21,199.89 $298,000.00 Residential Yes Data 
unavailable 0.43 

100 Farm/Ranch 
Land (in use) 

Developed, 
Open Space 32.24 0.02 $58.61 $112,030.00 Unable to 

determine No NA 0.02 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

101 Farm/Ranch 
Property 

(homestead 
 

Pasture, Hay 33.82 0.02 $84.95 $145,920.00 Unable to 
determine 

No NA 0.02 

102 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Deciduous 

Forest 
29.79 3.15 $11,251.84 $106,540.00 Unable to 

determine No NA 3.15 

103 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Deciduous 

Forest 

29.60 5.28 $18,998.58 $106,540.00 Unable to 
determine 

No NA 5.28 

104 Residential 
Single-Family 

Pasture, Hay; 
Grassland, 
Herbaceous 

4.82 2.06 $35,842.53 $83,970.00 Residential Yes $17,500.00 4.82 

105 Undetermined 
Land Use 

Pasture, Hay; 
Grassland, 
Herbaceous 

1.03 0.13 $0.00 $0.00 Unable to 
determine No NA 0.13 

106 
Farm/Ranch 

Property 
(homestead & 

other) 

Pasture, Hay; 
Grassland, 
Herbaceous 

30.36 5.27 $21,089.24 $121,440.00 Unable to 
determine No NA 5.27 

107 Farm/Ranch 
Land (not in use) 

Pasture, Hay 4.41 0.54 $4,683.70 $38,250.00 Unable to 
determine 

No NA 0.54 

108 Farm/Ranch 
Land (not in use) 

Pasture, Hay 4.40 3.63 $31,519.00 $38,250.00 Unable to 
determine 

No NA 4.40 

109 Farm/Ranch 
Land (not in use) 

Pasture, Hay 4.50 0.72 $6,127.43 $38,250.00 Unable to 
determine 

No NA 0.72 

110 Residential 
Single-Family 

Developed, 
Open Space 0.53 0.00 $229.73 $121,320.00 Unable to 

determine No NA 0.00 

111 Residential 
Single-Family 

Pasture, Hay; 
Developed, 
Open Space 

8.50 2.01 $33,348.77 $141,380.00 Residential Yes $170,360.00 2.01 
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Alternative 
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Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 
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Acres 

Acquired 
(25% 
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112 Residential 
Single-Family 

Pasture, Hay; 
Developed, 
Open Space 

3.34 1.81 $35,755.78 $65,860.00 Residential Yes $88,160.00 3.34 

113 
Farm/Ranch 

Property 
(homestead 

only) 

Pasture, Hay 6.72 4.10 $40,213.03 $65,890.00 Unable to 
determine No NA 6.72 

114 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Deciduous 

Forest 
5.80 2.38 $19,055.25 $46,430.00 Unable to 

determine No NA 5.80 

115 Residential 
Single-Family 

Pasture, Hay 7.16 0.50 $5,300.89 $76,120.00 Unable to 
determine 

No NA 0.50 

116 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Deciduous 

Forest 
27.29 0.94 $2,806.66 $81,610.00 Unable to 

determine No NA 0.94 

117 

Farm/Ranch 
Property 

(homestead & 
other) 

Pasture, Hay; 
Deciduous 

Forest; Shrub, 
Scrub 

24.26 9.56 $60,665.37 $153,960.00 Residential Yes $98,680.00 24.26 

118 

Farm/Ranch 
Property 

(homestead & 
other) 

Shrub, Scrub; 
Pasture, Hay 19.56 4.61 $59,450.71 $252,470.00 Residential Yes $356,800.00 4.61 

119 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Developed, 

Open Space; 
Shrub, Scrub; 
Developed, 

Low Intensity 

183.49 16.73 $32,523.50 $356,640.00 Unable to 
determine No NA 16.73 
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Alternative 
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Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 
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Value) 
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Acres 
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(25% 

Standard) 

120 Undetermined 
Land Use 

Cultivated 
Crops; Pasture, 

Hay; 
Developed, 

Open Space; 
Developed, 

Low Intensity 

153.36 2.65 $4,733.60 $273,710.00 Unable to 
determine No NA 2.65 

121 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Cultivated 

Crops; 
 

  

59.91 8.59 $21,794.48 $152,060.00 Unable to 
determine 

No NA 8.59 

122 Farm/Ranch 
Property 

(homestead & 
 

Pasture, Hay 17.28 4.20 $81,503.80 $335,120.00 Residential Yes $593,740.00 4.20 

123 Farm/Ranch 
Property 

(homestead 
 

Pasture, Hay 15.14 3.82 $29,295.05 $115,980.00 Residential Yes $30,760.00 15.14 

124 Farm/Ranch 
Land (in use) 

Pasture, Hay 3.15 1.40 $3,223.16 $7,260.00 Unable to 
determine 

No NA 3.15 

125 Farm/Ranch 
Land (not in use) 

Pasture, Hay; 
Grassland, 
Herbaceous 

1.01 1.01 $1,400.00 $1,400.00 Unable to 
determine No NA 1.01 

126 Residential 
Single-Family 

Pasture, Hay; 
Grassland, 
Herbaceous 

5.26 0.82 $9,654.79 $61,820.00 Unable to 
determine No NA 0.82 

127 Residential 
Single-Family 

Pasture, Hay 9.17 1.71 $27,627.39 $148,150.00 Unable to 
determine 

No NA 1.71 

128 Farm/Ranch 
Land (in use) 

Pasture, Hay 10.00 1.90 $11,026.71 $58,140.00 Unable to 
determine 

No NA 1.90 

129 Farm/Ranch 
Property 

(homestead 
 

Pasture, Hay 9.69 1.83 $37,559.22 $198,810.00 Residential Yes $281,100.00 1.83 
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Total 
Acres 
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(25% 

Standard) 

130 

Farm/Ranch 
Property 

(homestead & 
other) 

Pasture, Hay; 
Developed, 

Open Space; 
Emergent 

Herbaceous 
Wetlands 

12.46 2.34 $19,287.66 $102,740.00 Residential Yes $69,520.00 2.34 

131 Farm/Ranch 
Land (in use) 

Emergent 
Herbaceous 
Wetlands; 

Open Water; 
Developed, 

Open Space; 
Pasture, Hay 

20.72 1.82 $1,251.12 $14,220.00 Unable to 
determine No NA 1.82 

132 

Farm/Ranch 
Land (in use); 
Farm/Ranch 

Land (in use); 
Undetermined 

Land Use 

Cultivated 
Crops; Open 

Water; 
Developed, 

Open Space; 
Emergent 

Herbaceous 
Wetlands 

88.59 6.59 $5,995.19 $80,590.00 Unable to 
determine No NA 6.59 

133 Farm/Ranch 
Land (not in use) 

Cultivated 
Crops 10.03 0.08 $336.60 $43,634.00 Unable to 

determine No NA 0.08 

134 Vacant 
Residential 
Lots/Tracts 

Cultivated 
Crops 

20.00 1.38 $3,905.10 $56,651.00 Unable to 
determine 

No NA 1.38 

135 Farm/Ranch 
Land (not in use) 

Cultivated 
Crops 10.01 1.23 $3,493.43 $28,331.00 Unable to 

determine No NA 1.23 
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Total 
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(25% 
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136 Farm/Ranch 
Land (in use) 

Cultivated 
Crops; Shrub, 

Scrub 
10.03 1.48 $4,197.76 $28,405.00 Unable to 

determine No NA 1.48 

137 Farm/Ranch 
Land (in use) 

Shrub, Scrub; 
Cultivated 

Crops; 
Developed, 
Open Space 

23.04 3.42 $9,687.21 $65,269.00 Unable to 
determine No NA 3.42 

138 Undetermined 
Land Use 

Pasture, Hay; 
Developed, 

Open Space; 
Cultivated 

Crops 

23.10 6.05 $27,084.30 $103,481.00 Unable to 
determine No NA 23.10 

139 

Undetermined 
Land Use; 

Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Woody 

Wetlands 
11.17 5.14 $22,457.57 $48,787.00 Unable to 

determine No NA 11.17 

140 

Undetermined 
Land Use; 

Farm/Ranch 
Land (in use) 

Pasture, Hay 11.64 2.21 $9,635.73 $50,709.00 Unable to 
determine No NA 2.21 

141 Farm/Ranch 
Land (in use) 

Pasture, Hay 11.25 0.00 $11.43 $50,920.00 Unable to 
determine 

No NA 0.00 

142 Farm/Ranch 
Land (in use) 

Cultivated 
Crops; Pasture, 

Hay; Woody 
Wetlands 

561.16 33.15 $34,836.42 $589,664.00 Unable to 
determine No NA 33.15 

143 Farm/Ranch 
Land (in use) 

Pasture, Hay; 
Evergreen 

Forest 

857.91 11.06 $13,159.79 $1,020,757.0
0 

Unable to 
determine 

No NA 11.06 
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Alternative 
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Land Use 
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Acres 

Acquired 
(25% 
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144 Farm/Ranch 
Land (in use) Pasture, Hay 306.07 14.80 $84,124.09 $1,739,473.0

0 
Unable to 
determine No NA 14.80 

145 Farm/Ranch 
Land (in use) 

Evergreen 
Forest; 

Pasture, Hay; 
Developed, 
Open Space 

9.99 1.08 $62,299.38 $574,809.00 Unable to 
determine No NA 1.08 

146 Farm/Ranch 
Land (not in use) 

Evergreen 
Forest 47.39 0.20 $1,143.36 $264,409.00 Unable to 

determine No NA 0.20 

147 
Vacant 

Residential 
Lots/Tracts 

Pasture, Hay; 
Shrub, Scrub 0.88 0.26 $4,627.01 $15,677.00 Unable to 

determine No NA 0.88 

148 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest; 

Pasture, Hay; 
Shrub, Scrub; 
Developed, 
Open Space 

0.69 0.44 $10,513.67 $16,662.00 Unable to 
determine No NA 0.69 

149 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest; 

Pasture, Hay; 
Developed, 
Open Space 

0.72 0.27 $6,837.07 $18,420.00 Unable to 
determine No NA 0.72 

150 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.51 0.04 $998.11 $13,590.00 Unable to 

determine No NA 0.04 

151 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.41 0.08 $3,034.30 $14,604.00 Unable to 

determine No NA 0.08 
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Acres 
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(25% 

Standard) 

152 Residential 
Single-Family 

Evergreen 
Forest; Mixed 

Forest 
0.48 0.14 $28,421.37 $100,618.00 Residential Yes $84,125.00 0.48 

153 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest; 

Pasture, Hay 
0.54 0.54 $12,000.00 $12,000.00 Unable to 

determine No NA 0.54 

154 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.50 0.50 $13,158.00 $13,158.00 Unable to 

determine No NA 0.50 

155 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.46 0.46 $13,158.00 $13,158.00 Unable to 

determine No NA 0.46 

156 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest; 

Deciduous 
Forest 

0.47 0.47 $13,158.00 $13,158.00 Unable to 
determine No NA 0.47 

157 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest; 

Developed, 
Open Space 

0.46 0.46 $13,158.00 $13,158.00 Unable to 
determine No NA 0.46 

158 Residential 
Single-Family 

Evergreen 
Forest; 

Developed, 
Open Space 

0.44 0.44 $122,277.00 $122,277.00 Residential Yes $108,474.00 0.44 

159 Residential 
Single-Family 

Evergreen 
Forest; Mixed 

Forest 
0.91 0.91 $109,632.00 $109,632.00 Residential Yes $81,824.00 0.91 
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(25% 
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160 Residential 
Single-Family 

Evergreen 
Forest; 

Deciduous 
Forest; Mixed 

Forest 

1.47 1.46 $135,903.45 $137,180.00 Residential Yes $92,150.00 1.47 

161 Residential 
Single-Family 

Evergreen 
Forest; 

Deciduous 
Forest; 

Developed, 
Open Space 

0.62 0.52 $91,911.10 $109,461.00 Residential Yes $88,399.00 0.62 

162 Residential 
Single-Family 

Evergreen 
Forest; 

Deciduous 
Forest; 

Developed, 
Open Space 

0.46 0.46 $116,379.00 $116,379.00 Residential Yes $100,421.00 0.46 

163 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest; 

Deciduous 
Forest 

0.47 0.41 $7,011.68 $8,000.00 Unable to 
determine No NA 0.47 

164 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest; 

Deciduous 
Forest 

0.46 0.12 $3,692.29 $13,696.00 Unable to 
determine No NA 0.46 

165 Residential 
Single-Family 

Evergreen 
Forest 0.60 0.07 $13,378.64 $120,397.00 Residential Yes $92,852.00 0.07 
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166 Residential 
Single-Family 

Evergreen 
Forest; 

Deciduous 
Forest 

0.63 0.13 $25,008.30 $122,592.00 Residential Yes $102,495.00 0.13 

167 Residential 
Single-Family 

Evergreen 
Forest; 

Deciduous 
Forest 

0.45 0.42 $94,666.42 $101,208.00 Residential Yes $76,278.00 0.45 

168 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.46 0.46 $13,478.00 $13,478.00 Unable to 

determine No NA 0.46 

169 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.68 0.04 $858.54 $16,644.00 Unable to 

determine No NA 0.04 

170 Residential 
Single-Family 

Evergreen 
Forest 

0.65 0.19 $27,034.68 $94,732.00 Unable to 
determine 

No NA 0.65 

171 Residential 
Single-Family 

Evergreen 
Forest 

0.79 0.20 $39,314.30 $154,228.00 Residential Yes $134,776.00 0.79 

172 Residential 
Single-Family 

Developed, 
Open Space; 

Evergreen 
Forest 

0.80 0.19 $26,581.37 $112,877.00 Residential Yes $81,295.00 0.19 

173 Residential 
Single-Family 

Evergreen 
Forest 

0.54 0.13 $28,809.17 $118,007.00 Residential Yes $91,890.00 0.13 

174 Residential 
Other 

Evergreen 
Forest 

0.34 0.09 $3,150.26 $12,684.00 Residential Yes Data 
unavailable 

0.09 

175 Residential 
Single-Family 

Evergreen 
Forest 

0.64 0.16 $30,074.62 $120,000.00 Residential Yes $105,015.00 0.64 
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176 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.49 0.13 $3,364.42 $13,158.00 Unable to 

determine No NA 0.49 

177 Residential 
Single-Family 

Evergreen 
Forest 

0.49 0.13 $26,978.28 $104,094.00 Residential Yes $83,257.00 0.49 

178 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.49 0.13 $3,631.59 $13,800.00 Unable to 

determine No NA 0.49 

179 Residential 
Single-Family 

Developed, 
Low Intensity; 

Evergreen 
Forest 

0.54 0.16 $38,770.82 $135,337.00 Unable to 
determine No NA 0.54 

180 Residential 
Other 

Developed, 
Low Intensity; 

Evergreen 
Forest 

0.66 0.07 $3,964.48 $37,476.00 Unable to 
determine No NA 0.07 

181 Residential 
Single-Family 

Evergreen 
Forest 

0.46 0.46 $78,500.00 $78,500.00 Residential Yes $64,760.00 0.46 

182 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.46 0.46 $13,740.00 $13,740.00 Unable to 

determine No NA 0.46 

183 Residential 
Single-Family 

Evergreen 
Forest 

0.46 0.46 $130,295.00 $130,295.00 Residential Yes $90,831.00 0.46 

184 Residential 
Single-Family 

Evergreen 
Forest; Woody 

Wetlands; 
Developed, 
Open Space 

0.46 0.46 $114,540.00 $114,540.00 Residential Yes $100,800.00 0.46 
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185 Residential 
Single-Family 

Developed, 
Open Space; 

Evergreen 
Forest; Woody 

Wetlands 

0.46 0.46 $92,000.00 $92,000.00 Residential Yes $78,189.00 0.46 

186 Residential 
Single-Family 

Evergreen 
Forest; 

Developed, 
Open Space 

0.47 0.47 $116,092.00 $116,092.00 Residential Yes $94,907.00 0.47 

187 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.42 0.42 $13,080.00 $13,080.00 Unable to 

determine No NA 0.42 

188 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.42 0.42 $12,099.00 $12,099.00 Unable to 

determine No NA 0.42 

189 Residential 
Single-Family 

Evergreen 
Forest; Shrub, 

Scrub 
0.89 0.89 $133,484.00 $133,484.00 Residential Yes $98,387.00 0.89 

190 Residential 
Single-Family 

Evergreen 
Forest; Shrub, 

Scrub; 
Developed, 

Low Intensity; 
Developed, 
Open Space 

2.03 1.35 $172,444.93 $260,000.00 Residential Yes $213,285.00 2.03 

191 Residential 
Single-Family 

Evergreen 
Forest; 

Developed, 
Low Intensity 

0.71 0.63 $16,343.61 $18,300.00 Residential Yes $163,811.00 0.71 
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192 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.60 0.60 $17,400.00 $17,400.00 Unable to 

determine No NA 0.60 

193 Residential 
Single-Family 

Evergreen 
Forest 0.80 0.78 $156,305.53 $159,993.00 Residential Yes $113,239.00 0.78 

194 Residential 
Single-Family 

Evergreen 
Forest 0.73 0.14 $11,174.95 $60,000.00 Residential Yes $39,630.00 0.14 

195 Commercial 
Developed, 

Low Intensity; 
Evergreen 

Forest 

2.57 0.13 $23,219.83 $449,302.00 Unable to 
determine No NA 0.13 

196 
Vacant 

Residential 
Lots/Tracts 

Developed, 
Open Space; 

Evergreen 
Forest 

0.59 0.11 $2,689.14 $14,868.00 Unable to 
determine No NA 0.11 

197 Residential 
Single-Family 

Developed, 
Open Space; 

Deciduous 
Forest 

0.45 0.06 $19,444.80 $143,237.00 Residential Yes $127,906.00 0.06 

198 Residential 
Single-Family 

Deciduous 
Forest; 

Developed, 
Open Space; 

 
 

0.46 0.06 $13,681.93 $106,339.00 Residential Yes $89,208.00 0.06 

199 
Vacant 

Residential 
Lots/Tracts 

Developed, 
Open Space; 

Evergreen 
Forest 

0.48 0.06 $1,605.08 $13,171.00 Unable to 
determine No NA 0.06 

200 
Vacant 

Residential 
Lots/Tracts 

Developed, 
Open Space 0.43 0.05 $1,546.57 $13,171.00 Unable to 

determine No NA 0.05 

201 Residential 
Single-Family 

Developed, 
Open Space 

0.44 0.05 $20,455.14 $187,155.00 Residential Yes $174,111.00 0.05 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

202 Residential 
Single-Family 

Mixed Forest; 
Developed, 
Open Space 

0.45 0.05 $14,750.72 $136,922.00 Residential Yes $113,085.00 0.05 

203 Residential 
Single-Family 

Developed, 
Open Space; 
Mixed Forest; 

Evergreen 
Forest 

0.46 0.05 $9,913.10 $97,536.00 Residential Yes $71,826.00 0.05 

204 Residential 
Single-Family 

Developed, 
Open Space 

1.39 0.12 $13,780.36 $156,125.00 Residential Yes $114,081.00 0.12 

205 Residential 
Single-Family 

Developed, 
Open Space; 

Deciduous 
Forest 

0.51 0.04 $7,945.17 $104,459.00 Unable to 
determine No NA 0.04 

206 
Vacant 

Residential 
Lots/Tracts 

Developed, 
Open Space 0.46 0.03 $931.05 $13,080.00 Residential Yes Data 

unavailable 0.03 

207 Residential 
Single-Family 

Evergreen 
Forest; 

Developed, 
Open Space 

0.46 0.03 $12,286.11 $189,658.00 Residential Yes $150,066.00 0.03 

208 Residential 
Other 

Developed, 
Open Space; 

Evergreen 
Forest 

0.42 0.05 $1,766.02 $15,092.00 Residential Yes Data 
unavailable 0.05 

209 Residential 
Single-Family 

Developed, 
Open Space; 

Evergreen 
Forest 

0.63 0.05 $11,813.94 $151,330.00 Residential Yes $136,009.00 0.05 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

210 Residential 
Single-Family 

Developed, 
Open Space; 

Woody 
Wetlands; 
Evergreen 

Forest 

0.64 0.03 $4,333.58 $93,414.00 Residential Yes $77,649.00 0.03 

211 Residential 
Single-Family 

Evergreen 
Forest 

0.61 0.01 $1,789.76 $129,915.00 Unable to 
determine 

No NA 0.01 

212 Residential 
Single-Family 

Evergreen 
Forest; 

Developed, 
Open Space 

0.96 0.01 $1,850.06 $124,339.00 Residential Yes $94,679.00 0.01 

213 Residential 
Single-Family 

Shrub, Scrub; 
Evergreen 

Forest 
0.26 0.02 $4,110.24 $50,197.00 Unable to 

determine No NA 0.02 

214 Residential 
Single-Family 

Evergreen 
Forest; Shrub, 

Scrub 
0.26 0.07 $24,863.12 $97,000.00 Residential Yes $84,951.00 0.26 

215 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest 0.26 0.11 $1,710.65 $3,969.00 Residential No NA 0.26 

216 Residential 
Other 

Evergreen 
Forest 

0.26 0.16 $7,270.42 $12,023.00 Residential Yes Data 
unavailable 

0.26 

217 Residential 
Single-Family 

Evergreen 
Forest 

0.65 0.60 $68,974.39 $75,327.00 Residential Yes $62,009.00 0.65 

218 
Vacant 

Residential 
Lots/Tracts 

Evergreen 
Forest; 

Developed, 
Low Intensity; 
Developed, 
Open Space 

0.74 0.07 $788.33 $8,071.00 Unable to 
determine No NA 0.07 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

219 Residential 
Mobile Home 

Developed, 
Open Space; 

Evergreen 
Forest 

1.16 0.64 $9,508.19 $17,219.00 Residential Yes $4,369.00 1.16 

220 Vacant 
Commercial 

Developed, 
Low Intensity; 
Developed, 

Open Space; 
Evergreen 

Forest 

1.78 1.51 $59,045.27 $69,696.00 Unable to 
determine No NA 1.78 

221 Residential 
Mobile Home 

Evergreen 
Forest 

4.11 0.00 $1.33 $96,500.00 Unable to 
determine 

No NA 0.00 

222 

Farm/Ranch 
Land (not in 

use); 
Government 

Owned; Public 
Roads 

Evergreen 
Forest; Woody 

Wetlands 
3.00 2.48 $683,023.22 $825,975.00 Commercial Yes $503,898.00 3.00 

223 Farm/Ranch 
Land (not in use) 

Woody 
Wetlands; 
Evergreen 

Forest 

7.97 3.97 $71,628.92 $143,748.00 Unable to 
determine No NA 7.97 

224 Government 
Owned 

Evergreen 
Forest; Woody 

Wetlands; 
Pasture, Hay 

75.80 1.46 $0.00 $0.00 Unable to 
determine No NA 1.46 

225 Government 
Owned 

Woody 
Wetlands; 

Pasture, Hay; 
Mixed Forest; 

Evergreen 
Forest 

54.73 16.80 $0.00 $0.00 Unable to 
determine No NA 54.73 
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Alternative 
4 ROW 

Parcel No. 

Land Use (H-
GAC) 

Land Use 
(NLCD) 

Parcel 
Area*        

(acres) 

Alternative 
4 ROW 
(acres) 

ROW 
Acquisition 

Cost = Market 
Value/Total 

acres * acres 
in ROW 

Market Value 
(Total Parcel 

Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW –

Structures 
(Yes or No) 

Structures 
Within ROW 

Acquisition Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

226 Other Right of 
Way/Easement 

Evergreen 
Forest 

44.43 1.68 $0.00 $0.00 Unable to 
determine 

No NA 1.68 

227 Farm/Ranch 
Land (not in use) 

Evergreen 
Forest; 

Developed, 
Open Space; 

Woody 
Wetlands 

28.32 6.21 $35,565.99 $162,111.00 Unable to 
determine No NA 6.21 

228 

Farm/Ranch 
Land (not in 

use); Unusable 
land (land under 

water) 

Woody 
Wetlands; 
Evergreen 

Forest; Mixed 
Forest; 

Deciduous 
Forest 

14.87 7.99 $116,681.87 $217,334.00 Unable to 
determine No NA 14.87 

229 Residential 
Single-Family 

Woody 
Wetlands 

2.36 0.23 $38,918.68 $403,899.00 Unable to 
determine 

No NA 0.23 

Totals: Parcels that would result in displacements = 69 (30% of total number of parcels) 

Parcels with residential displacements = 63 

ROW Acquisition Cost (using available data) = $6,626,742.92 

 Source: Harris County Appraisal District (HCAD, 2012), Liberty County Central Appraisal District (LCAD, 2011), H-GAC land use (2010), and National Land Cover Database 
(NLCD) land use (2006) 
Notes: 
1) Parcels would be purchased if the ROW alignment encroached on greater than 25% of the parcel. 
2) Land use is listed in order by area size (in order by largest area size to smallest area size).  
3) Land value exists but used market value for ROW Acquisition Cost in table. 
4) Types of structures (residential or commercial) within the right-of-way were determined from scanning aerials (USDA NAIP Texas 2010) and reviewing data from HCAD and 
LCAD. 
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Table 3-24: 
Property Size by Parcel Number, Land Use, Displacement and ROW Acquisition Cost for Alternative 6 

Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

1 Farm/Ranch Land 
(in use) 

Woody 
Wetlands; 
Grassland, 

Herbaceous 

443.01 3.13 $8,054.49 $1,138,250.00 Unable to 
determine No - 3.13 

2 Undetermined 
Land Use 

Developed, 
Open Space; 
Pasture, Hay; 

Emergent 
Herbaceous 
Wetlands; 

Woody 
Wetlands; 

Open Water; 
Developed, 

Low Intensity; 
Grassland, 

Herbaceous 

34.14 9.48 $50,890.19 $183,230.00 
Residential 

and 
Commercial 

Yes $72,100.00 34.14 

3 Undetermined 
Land Use 

Woody 
Wetlands; 
Grassland, 

Herbaceous 

13.31 1.62 $805.61 $6,600.00 Unable to 
determine No - 1.62 

4 Farm/Ranch Land 
(in use) 

Woody 
Wetlands; 

Developed, 
Low Intensity 

4.25 3.65 $7,214.66 $8,400.00 Unable to 
determine No - 4.25 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

5 Farm/Ranch Land 
(in use) 

Grassland, 
Herbaceous; 

Woody 
Wetlands; 
Emergent 

Herbaceous 
Wetlands; 

Developed, 
Open Space; 
Pasture, Hay; 
Developed, 

Low Intensity 

774.76 53.58 $72,736.86 $1,051,780.00 Unable to 
determine No - 53.58 

6 Undetermined 
Land Use 

Woody 
Wetlands; 

Developed, 
Low Intensity 

55.57 1.58 $1,076.70 $37,760.00 Unable to 
determine No - 1.58 

7 Farm/Ranch Land 
(not in use) 

Woody 
Wetlands; 

Developed, 
Open Space 

0.37 0.37 $59,449.76 $59,450.00 Unable to 
determine No - 0.37 

8 Farm/Ranch Land 
(not in use) 

Cultivated 
Crops; 

Pasture, Hay; 
Developed, 
Open Space 

650.48 38.16 $210.02 $3,580.00 Unable to 
determine No - 38.16 

9 Farm/Ranch Land 
(in use) 

Cultivated 
Crops; 

Developed, 
Open Space 

377.82 20.36 $40,918.04 $759,240.00 Unable to 
determine No - 20.36 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

10 Farm/Ranch Land 
(in use) 

Cultivated 
Crops; 

Pasture, Hay; 
Woody 

Wetlands; 
Shrub, Scrub; 
Developed, 

Open Space; 
Developed, 

Low Intensity; 
Grassland, 

Herbaceous 

3,995.87 77.11 $123,980.36 $6,424,710.00 Unable to 
determine No NA 77.11 

11 Farm/Ranch Land 
(in use) 

Pasture, Hay; 
Developed, 

Open Space; 
Developed, 

Low Intensity 

27.85 0.13 $19.69 $4,120.00 Unable to 
determine No NA 0.13 

12 Farm/Ranch Land 
(in use) 

Pasture, Hay; 
Grassland, 

Herbaceous; 
Developed, 
Open Space 

35.82 7.12 $19,230.45 $96,710.00 Unable to 
determine No NA 7.12 

13 Farm/Ranch Land 
(in use) 

Pasture, Hay; 
Developed, 
Open Space 

67.75 0.63 $2,270.80 $243,860.00 Unable to 
determine No NA 0.63 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

14 Undetermined 
Land Use 

Pasture, Hay; 
Emergent 

Herbaceous 
Wetlands 

4.38 0.77 $0.00 $0.00 Unable to 
determine No NA 0.77 

15 Unusable land 
(land under water) 

Emergent 
Herbaceous 
Wetlands; 

Woody 
Wetlands 

3.72 0.65 $2,904.48 $16,720.00 Unable to 
determine No NA 0.65 

16 Farm/Ranch Land 
(in use) 

Pasture, Hay; 
Woody 

Wetlands; 
Cultivated 

Crops 

116.96 15.72 $23,466.75 $174,550.00 Unable to 
determine No NA 15.72 

17 Farm/Ranch Land 
(in use) 

Pasture, Hay; 
Cultivated 

Crops; 
Woody 

Wetlands; 
Open Water; 
Grassland, 

Herbaceous; 
Shrub, Scrub 

3,121.61 56.92 $42,694.39 $2,341,650.00 Unable to 
determine No NA 56.92 

18 Public Roads 

Pasture, Hay; 
Woody 

Wetlands; 
Cultivated 

Crops 

350.07 19.76 $36,288.62 $642,970.00 Unable to 
determine No NA 19.76 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

19 
Farm/Ranch 

Property 
(homestead only) 

Pasture, Hay; 
Developed, 

Open Space; 
Grassland, 

Herbaceous 

18.91 9.88 - - Agricultural Yes $27,340.00 18.91 

20 Residential Mobile 
Home 

Developed, 
Open Space 

2.51 1.32 $9,779.31 $18,530.00 Residential Yes Data 
unavailable 

2.51 

21 Residential Mobile 
Home 

Developed, 
Open Space 

2.19 0.71 $7,365.04 $22,730.00 Residential Yes Data 
unavailable 

2.19 

22 Vacant Developed, 
Open Space 

2.82 1.26 $5,623.70 $12,590.00 Unable to 
determine 

No NA 2.82 

23 Vacant Developed, 
Open Space 

2.50 2.05 $8,259.69 $10,050.00 Unable to 
determine 

No NA 2.50 

24 Vacant Developed, 
Open Space 

1.84 1.38 $5,304.08 $7,050.00 Unable to 
determine 

No NA 1.84 

25 Residential Mobile 
Home 

Pasture, Hay; 
Grassland, 

Herbaceous; 
Developed, 
Open Space 

1.84 1.38 $24,661.91 $32,780.00 Residential Yes $25,500.00 1.84 

26 Vacant 
Pasture, Hay; 

Grassland, 
Herbaceous 

1.84 1.36 $6,684.35 $9,060.00 Unable to 
determine No NA 1.84 

27 Vacant 
Pasture, Hay; 

Grassland, 
Herbaceous 

1.84 1.28 $6,283.44 $9,060.00 Unable to 
determine No NA 1.84 

28 Vacant Pasture, Hay 1.84 1.19 $5,874.61 $9,060.00 Unable to 
 

No NA 1.84 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

29 Vacant 
Pasture, Hay; 

Grassland, 
Herbaceous 

1.84 1.11 $4,253.18 $7,050.00 Unable to 
determine No NA 1.84 

30 Vacant 
Pasture, Hay; 

Grassland, 
Herbaceous 

1.84 1.03 $3,935.06 $7,050.00 Unable to 
determine No NA 1.84 

31 Residential Single-
Family 

Pasture, Hay; 
Grassland, 

Herbaceous 
1.84 0.94 $24,338.68 $47,440.00 Residential Yes $55,860.00 1.84 

32 Vacant Pasture, Hay 1.84 0.86 $4,239.35 $9,060.00 Unable to 
 

No NA 1.84 

33 Residential Mobile 
Home 

Pasture, Hay; 
Deciduous 

Forest 
1.84 0.78 $8,248.77 $19,510.00 Unable to 

determine No NA 1.84 

34 Vacant Pasture, Hay; 
Shrub, Scrub 

1.84 0.69 $3,421.74 $9,060.00 Unable to 
determine 

No NA 1.84 

35 Residential Single-
Family 

Pasture, Hay; 
Shrub, Scrub; 

Grassland, 
Herbaceous 

1.84 0.61 $22,231.23 $66,850.00 Unable to 
determine No NA 1.84 

36 Vacant 

Shrub, Scrub; 
Grassland, 

Herbaceous; 
Pasture, Hay 

1.84 0.53 $2,604.14 $9,060.00 Unable to 
determine No NA 1.84 

37 Vacant Shrub, Scrub 1.84 0.45 $2,195.35 $9,060.00 Unable to 
 

No NA 0.45 

38 Residential Single-
Family 

Shrub, Scrub; 
Developed, 
Open Space 

1.84 0.36 $1,884.28 $9,560.00 Unable to 
determine No NA 0.36 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

39 Vacant 

Developed, 
Open 

Space; 
Pasture, 

Hay 

1.84 0.28 $1,375.92 $9,060.00 Unable to 
determine No NA 0.28 

40 Vacant Pasture, 
Hay 

1.84 0.20 $966.84 $9,060.00 Unable to 
determine 

No NA 0.20 

41 Vacant Pasture, 
Hay 

2.00 0.17 $1,322.57 $15,400.00 Unable to 
determine 

No NA 0.17 

42 Vacant 

Pasture, 
Hay; 

Grassland, 
Herbaceous 

2.00 0.21 $1,628.71 $15,400.00 Unable to 
determine No NA 0.21 

43 Vacant 

Pasture, 
Hay; 

Grassland, 
Herbaceous 

2.00 0.25 $1,934.92 $15,400.00 Unable to 
determine No NA 0.25 

44 Farm/Ranch Land 
(in use) 

Grassland, 
Herbaceous; 

Pasture, 
Hay 

2.00 0.29 $960.51 $6,600.00 Unable to 
determine No NA 0.29 

45 
Farm/Ranch 

Property 
(homestead only) 

Pasture, 
Hay; 

Grassland, 
Herbaceous 

1.99 0.33 $24,319.13 $147,010.00 Unable to 
determine No NA 0.33 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

46 Farm/Ranch Land 
(in use) 

Pasture, 
Hay; 

Grassland, 
Herbaceous; 
Deciduous 

Forest 

1.99 0.37 $1,712.46 $9,240.00 Unable to 
determine No NA 0.37 

47 Vacant 

Pasture, 
Hay; 

Deciduous 
Forest 

1.99 0.41 $3,160.87 $15,400.00 Unable to 
determine No NA 0.41 

48 Residential Mobile 
Home 

Pasture, 
Hay; 

Deciduous 
Forest 

1.99 0.45 $11,304.06 $50,200.00 Unable to 
determine No NA 0.45 

49 Residential Single-
Family 

Pasture, 
Hay; Shrub, 

Scrub 
1.99 0.49 $12,760.83 $52,060.00 Unable to 

determine No NA 0.49 

50 Residential Single-
Family 

Pasture, 
Hay; Shrub, 

Scrub 
1.99 0.53 $5,831.38 $22,000.00 Unable to 

determine No NA 1.99 

51 Residential Single-
Family 

Shrub, 
Scrub; 

Pasture, 
Hay 

3.84 1.13 $18,373.40 $62,250.00 Unable to 
determine No NA 3.84 

52 Residential Mobile 
Home 

Shrub, 
Scrub; 

Pasture, 
Hay 

4.91 1.57 $12,002.87 $37,460.00 Unable to 
determine No NA 4.91 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

53 Residential Mobile 
Home 

Developed, 
Open 

Space; 
Pasture, 

Hay; Shrub, 
Scrub 

5.79 2.18 $14,933.95 $39,660.00 Unable to 
determine No NA 5.79 

54 Residential Mobile 
Home 

Pasture, 
Hay; 

Developed, 
Open Space 

3.41 1.49 $10,998.04 $25,230.00 Unable to 
determine No NA 3.41 

55 Residential Mobile 
Home 

Pasture, 
Hay; 

Developed, 
Open Space 

3.41 1.60 $13,794.83 $29,370.00 Unable to 
determine No NA 3.41 

56 Vacant Pasture, 
Hay 

1.59 0.52 $3,697.05 $11,240.00 Unable to 
determine 

No NA 1.59 

57 Vacant 

Pasture, 
Hay; 

Developed, 
Open Space 

1.67 1.58 $12,326.85 $13,090.00 Unable to 
determine No NA 1.67 

58 Vacant 
Pasture, 

Hay; Shrub, 
Scrub 

2.16 1.08 $6,280.44 $12,600.00 Residential Yes Data 
unavailable 2.16 

59 Residential Mobile 
Home 

Pasture, 
Hay; Shrub, 

Scrub 
2.51 2.04 $19,282.68 $23,710.00 Residential Yes Data 

unavailable 2.51 

60 

Farm/Ranch 
Property (other); 

Farm/Ranch Land 
(not in use) 

Woody 
Wetlands; 
Pasture, 

Hay 

325.85 36.33 $64,992.28 $582,890.00 Unable to 
determine No NA 36.33 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

61 Farm/Ranch Land 
(not in use) 

Woody 
Wetlands 

19.43 5.23 $16,050.04 $59,610.00 Unable to 
determine 

No NA 19.43 

62 

Farm/Ranch Land 
(not in use); 

Vacant Residential 
Lots/Tracts; 

Residential Single-
Family 

Woody 
Wetlands 11.09 10.59 $17,346.26 $18,158.00 Unable to 

determine No NA 11.09 

63 Residential Single-
Family 

Woody 
Wetlands 

3.01 0.96 $54,190.02 $168,952.00 Unable to 
determine 

Yes $134,446.00 3.01 

64 

Vacant Residential 
Lots/Tracts; 

Residential Single-
Family 

Woody 
Wetlands 3.83 1.21 $7,918.26 $25,016.00 Unable to 

determine Yes Data 
unavailable 3.83 

65 

Residential Single-
Family; 

Undetermined 
Land Use 

Woody 
Wetlands 2.50 1.25 $71,082.37 $141,958.00 Residential Yes Data 

unavailable 2.50 

66 

Residential Single-
Family; 

Undetermined 
Land Use 

Woody 
Wetlands 0.75 0.38 $47,099.50 $93,040.00 Unable to 

determine No NA 0.75 

67 

Vacant Residential 
Lots/Tracts; 

Residential Single-
Family 

Woody 
Wetlands 0.75 0.38 $5,359.33 $10,534.00 Unable to 

determine No NA 0.75 

68 

Residential Single-
Family; Vacant 

Residential 
Lots/Tracts 

Woody 
Wetlands 1.50 0.77 $43,823.39 $85,497.00 Unable to 

determine Yes $68,334.00 1.50 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

69 
Residential Single-

Family; Public 
Roads 

Woody 
Wetlands; 
Deciduous 

Forest 

1.62 0.87 $110,445.22 $205,727.00 Unable to 
determine Yes $164,261.00 1.62 

70 

Residential Single-
Family; 

Undetermined 
Land Use; Public 

Roads 

Woody 
Wetlands; 
Deciduous 

Forest 

2.80 1.46 $89,645.32 $172,272.00 Unable to 
determine No NA 2.80 

71 

Residential Single-
Family; 

Undetermined 
Land Use 

Woody 
Wetlands; 
Deciduous 

Forest 

2.88 1.53 $85,030.35 $160,052.00 Residential Yes $118,308.00 2.88 

72 Residential Single-
Family 

Woody 
Wetlands 

1.44 0.77 $96,011.31 $180,628.00 Residential Yes $164,083.00 1.44 

73 

Residential Single-
Family; Vacant 

Residential 
Lots/Tracts 

Woody 
Wetlands 2.88 1.53 $69,308.32 $130,324.00 Unable to 

determine Yes $90,025.00 2.88 

74 

Vacant Residential 
Lots/Tracts; 

Residential Single-
Family 

Woody 
Wetlands 1.44 0.77 $8,803.43 $16,545.00 Unable to 

determine No NA 1.44 

75 
Residential Single-
Family; Residential 

Other 

Woody 
Wetlands 1.44 0.77 $53,023.91 $99,618.00 Residential Yes 

$79,973.00 

 
1.44 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

76 Residential Other 

Woody 
Wetlands; 
Pasture, 

Hay 

4.32 2.18 $21,169.08 $42,000.00 Residential Yes Data 
unavailable 4.32 

77 Residential Single-
Family 

Pasture, 
Hay; Woody 

Wetlands 
2.68 1.35 $59,369.39 $118,066.00 Residential Yes $83,994.00 2.68 

78 Residential Single-
Family 

Woody 
Wetlands; 
Pasture, 

Hay 

3.63 1.83 $115,941.21 $230,372.00 Residential Yes $171,431.00 3.63 

79 Residential Other Woody 
Wetlands 

1.00 0.31 $0.00 - Residential Yes Data 
unavailable 

1.00 

80 Residential Single-
Family 

Woody 
Wetlands 

0.82 0.61 $58,135.10 $78,356.00 Residential Yes $69,481.00 0.82 

81 Residential Mobile 
Home 

Woody 
Wetlands 

1.83 0.92 $18,379.07 $36,391.00 Residential Yes Data 
unavailable 

1.83 

82 Farm/Ranch Land 
(not in use) 

Woody 
Wetlands; 
Pasture, 

Hay 

36.93 1.96 $8,066.45 $151,937.00 Unable to 
determine No NA 1.96 

83 Commercial Pasture, 
Hay 

3.02 1.54 $27,645.17 $54,370.00 Residential Yes Data 
unavailable 

3.02 

84 Residential Other Pasture, 
Hay 

3.05 1.54 $18,678.29 $36,970.00 Commercial Yes Data 
unavailable 

3.05 

85 Commercial Pasture, 
Hay 

4.06 2.06 $109,116.47 $215,418.00 Residential Yes $171,857.00 

 

4.06 

86 Other Right of 
Way/Easement 

Pasture, 
Hay 

2.78 0.24 $0.00 $0.00 Unable to 
determine 

No NA 0.24 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

87 Vacant Residential 
Lots/Tracts 

Pasture, 
Hay; Woody 
Wetlands; 

Shrub, 
Scrub 

1.68 0.85 $11,038.08 $21,780.00 Unable to 
determine No NA 1.68 

88 Residential Other 

Shrub, 
Scrub; 
Woody 

Wetlands; 
Pasture, 

Hay 

1.53 0.77 $10,638.30 $21,111.00 Residential Yes Data 
unavailable 1.53 

89 Vacant Residential 
Lots/Tracts 

Shrub, 
Scrub; 
Woody 

Wetlands; 
Pasture, 

Hay 

0.75 0.38 $1,506.83 $2,974.00 Unable to 
determine No NA  

90 Vacant Residential 
Lots/Tracts 

Shrub, 
Scrub; 

Pasture, 
Hay; Woody 

Wetlands 

1.60 0.80 $8,708.16 $17,315.00 Unable to 
determine No NA 1.60 

91 Vacant Residential 
Lots/Tracts 

Pasture, 
Hay; Shrub, 

Scrub; 
Woody 

Wetlands 

1.91 0.97 $11,037.45 $21,780.00 Unable to 
determine No NA 1.91 

92 Residential Single-
Family 

Pasture, 
Hay 

2.09 1.06 $62,529.90 $123,101.00 Residential Yes $100,419.00 2.09 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

93 Residential Single-
Family 

Pasture, 
Hay 

2.02 1.03 $89,977.12 $177,184.00 Residential Yes $155,404.00 2.02 

94 Residential Single-
Family 

Pasture, 
Hay 

1.95 1.00 $50,376.15 $98,293.00 Unable to 
determine 

No NA 1.95 

95 Residential Mobile 
Home 

Pasture, 
Hay 

1.94 0.99 $33,204.29 $65,067 Unable to 
determine 

No NA 1.94 

96 Residential Mobile 
Home 

Pasture, 
Hay; Shrub, 

Scrub 
2.07 1.07 $20,568.03 $39,851.00 Residential Yes NA 2.07 

97 Farm/Ranch Land 
(not in use) 

Pasture, 
Hay; Shrub, 

Scrub 
6.35 3.28 $22,789.86 $44,170.00 Unable to 

determine No NA 6.35 

98 Residential Single-
Family 

Pasture, 
Hay 

7.36 3.78 $51,616.06 $100,529.00 Residential Yes Data 
unavailable 

 

99 Farm/Ranch Land 
(in use) 

Pasture, 
Hay; 

Developed, 
Low 

Intensity 

17.97 9.24 $43,463.48 $84,506.00 Unable to 
determine No NA 17.97 

100 Farm/Ranch Land 
(in use) 

Pasture, 
Hay; 

Developed, 
Low 

Intensity 

13.82 2.92 $11,776.66 $55,748.00 Commercial Yes Data 
unavailable 2.92 

101 Residential Single-
Family 

Pasture, 
Hay 

0.32 0.32 $104,175.58 $104,176.00 Residential Yes $99,258.00 0.32 

102 Residential Single-
Family 

Pasture, 
Hay 

6.93 2.99 $90,997.51 $211,023.00 Residential Yes $172,582.00 6.93 



15 
 

Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

103 Residential Mobile 
Home 

Pasture, 
Hay 

6.25 0.94 $4,228.27 $28,121.00 Unable to 
determine 

No NA 0.94 

104 Vacant Residential 
Lots/Tracts 

Pasture, 
Hay 

2.13 1.27 $5,821.33 $9,793.00 Unable to 
determine 

No NA 2.13 

105 Government 
Owned 

Pasture, 
Hay; 

Developed, 
Open 

Space; 
Developed, 

Low 
Intensity; 

Developed, 
Medium 
Intensity 

1.95 1.69 $0.00 $0.00 Unable to 
determine No NA 1.95 

106 Farm/Ranch Land 
(not in use) 

Developed, 
Low 

Intensity; 
Pasture, 

Hay; 
Developed, 

Medium 
Intensity 

18.38 0.66 $3,626.49 $101,129.00 Unable to 
determine No NA 0.66 

107 Public Roads; 
Utility Right of Way 

Developed, 
Open 

Space; 
Pasture, 

Hay; 
Developed, 

Low 
Intensity 

9.60 1.06 $0.00 $0.00 Commercial Yes Data 
unavailable 1.06 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

108 
Farm/Ranch 

Property 
(homestead only) 

Pasture, 
Hay; 

Developed, 
Low 

Intensity; 
Developed, 
Open Space 

78.62 3.44 $15,322.44 $349,815.00 Unable to 
determine No NA 3.44 

109 Other Right of 
Way/Easement 

Pasture, 
Hay; 

Developed, 
Low 

Intensity 

22.07 0.80 $0.00 $0.00 Unable to 
determine No NA 0.80 

110 

Farm/Ranch 
Property 

(homestead only); 
Residential Mobile 

Home 

Pasture, 
Hay; Shrub, 

Scrub; 
Woody 

Wetlands; 
Developed, 

Low 
Intensity 

171.63 21.54 $23,571.00 $187,799.00 Unable to 
determine No NA 21.54 

111 

Residential Mobile 
Home; 

Farm/Ranch 
Property 

(homestead only) 

Pasture, 
Hay; Woody 
Wetlands; 

Shrub, 
Scrub 

12.76 0.93 $7,897.02 $107,940.00 Unable to 
determine No NA 0.93 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

112 
Farm/Ranch 

Property 
(homestead only) 

Shrub, 
Scrub; 

Pasture, 
Hay; Woody 
Wetlands; 
Deciduous 

Forest 

20.01 9.41 $130,105.94 $276,604.00 Residential Yes $177,432.00 20.01 

113 Farm/Ranch Land 
(in use) 

Pasture, 
Hay; 

Deciduous 
Forest; 
Shrub, 
Scrub; 

Developed, 
Open Space 

79.07 11.73 $63,016.44 $424,710.00 Unable to 
determine No NA 11.73 

114 

Farm/Ranch 
Property 

(homestead only); 
Public Roads 

Cultivated 
Crops; 

Pasture, 
Hay; 

Developed, 
Open Space 

211.89 22.69 $71,383.52 $666,513.00 Unable to 
determine No NA 22.69 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

115 
Farm/Ranch Land 

(in use); Public 
Roads 

Pasture, 
Hay; 

Developed, 
Low 

Intensity; 
Cultivated 

Crops; 
Grassland, 

Herbaceous; 
Shrub, 
Scrub; 

Developed, 
Open 

Space; 
Barren 

Land, Rock, 
Sand, Clay 

225.26 23.47 $76,418.90 $733,349.00 Unable to 
determine No NA 23.47 

116 Farm/Ranch Land 
(in use) 

Developed, 
Low 

Intensity; 
Developed, 
Open Space 

36.75 0.91 $4,614.95 $186,764.00 Unable to 
determine No NA 0.91 

117 Farm/Ranch Land 
(in use) 

Developed, 
Open 

Space; 
Developed, 

Low 
Intensity; 

Grassland, 
Herbaceous 

40.00 0.42 $2,069.89 $199,505.00 Unable to 
determine No NA 0.42 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

118 Residential Single-
Family 

Developed, 
Open 

Space; 
Developed, 

Low 
Intensity 

5.00 0.35 $13,696.00 $194,130.00 Residential Yes $117,770.00 0.35 

119 Vacant 
Commercial 

Developed, 
Open Space 

2.01 0.13 $3,014.13 $47,916.00 Unable to 
determine 

No NA 0.13 

120 Religious/Fraternal 

Developed, 
Low 

Intensity; 
Evergreen 

Forest; 
Developed, 
Open Space 

5.90 0.32 $0.00 $0.00 Commercial 
(Church) Yes Data 

unavailable 0.32 

121 Utility Right of Way 

Developed, 
Low 

Intensity; 
Developed, 
Open Space 

1.51 0.13 $4,459.53 $51,815.00 Commercial Yes $9,582.00 0.13 

122 Commercial 

Developed, 
Low 

Intensity; 
Developed, 

Open 
Space; 

Pasture, 
Hay 

9.96 0.19 $4,320.98 $227,691.00 Commercial Yes $85,332.00 0.19 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

123 
Farm/Ranch Land 
(not in use); Public 

Roads 

Woody 
Wetlands; 

Mixed 
Forest; 

Developed, 
Open Space 

22.95 12.52 $172,297.73 $315,810.00 Unable to 
determine No NA 22.95 

124 
Primary Schools 

(K-8) Public; 
Public Roads 

Mixed 
Forest; 
Woody 

Wetlands; 
Developed, 
Open Space 

16.74 2.54 $0.00 $0.00 Unable to 
determine No NA 2.54 

125 Government 
Owned 

Developed, 
Open 

Space; 
Evergreen 

Forest; 
Deciduous 

Forest; 
Developed, 

Low 
Intensity 

24.67 2.86 $0.00 $0.00 Unable to 
determine No NA 2.86 

126 Vacant 
Commercial 

Developed, 
Open 

Space; 
Developed, 

Low 
Intensity; 

Evergreen 
Forest 

1.50 1.48 $45,149.97 $45,738.00 Unable to 
determine No NA 1.50 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

127 Vacant 
Commercial 

Developed, 
Open 

Space; 
Evergreen 

Forest 

1.10 0.93 $28,367.41 $33,693.00 Unable to 
determine No NA 1.10 

128 Vacant 
Commercial 

Developed, 
Open 

Space; 
Evergreen 

Forest; 
Developed, 

Low 
Intensity 

1.10 0.80 $24,591.60 $33,694.00 Unable to 
determine No NA 1.10 

129 Vacant 
Commercial 

Developed, 
Open 

Space; 
Developed, 

Low 
Intensity; 

Evergreen 
Forest 

1.50 0.92 $28,098.95 $45,738.00 Unable to 
determine No NA 1.50 

130 
Vacant Residential 
Lots/Tracts; Public 

Roads 

Developed, 
Low 

Intensity; 
Evergreen 

Forest; 
Developed, 
Open Space 

1.06 0.61 $17,146.48 $29,882.00 Unable to 
determine No NA 1.06 

131 
Vacant Residential 
Lots/Tracts; Public 

Roads 

Developed, 
Open 

Space; 
Evergreen 

Forest; 
Developed, 

Low 
 

2.19 0.97 $27,410.39 $62,088.00 Unable to 
determine No NA 2.19 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
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in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

132 
Vacant Residential 
Lots/Tracts; Public 

Roads 

Developed, 
Open 

Space; 
Developed, 

Low 
Intensity; 

Evergreen 
Forest 

2.18 0.87 $24,233.20 $60,984.00 Unable to 
determine No NA 2.18 

133 
Vacant Residential 
Lots/Tracts; Public 

Roads 

Developed, 
Open 

Space; 
Evergreen 

Forest; 
Developed, 

Low 
Intensity 

1.83 0.20 $0.00 $0.00 Unable to 
determine No NA 0.20 

134 
Residential Single-

Family; Public 
Roads 

Evergreen 
Forest; 

Developed, 
Open 

Space; 
Developed, 

Low 
Intensity 

1.89 0.96 $55,134.67 $109,039.00 Residential Yes $62,243.00 1.89 

135 
Residential Single-

Family; Public 
Roads 

Evergreen 
Forest; 

Developed, 
Open Space 

0.27 0.27 $63,600.75 $63,601.00 Residential Yes $57,372.00 0.27 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

136 
Residential Single-

Family; Public 
Roads 

Grassland, 
Herbaceous; 
Developed, 

Open 
Space; 

Evergreen 
Forest; 
Shrub, 
Scrub 

6.53 2.82 $91,625.00 $212,023.00 Residential Yes $119,449.00 6.53 

137 
Residential Single-

Family; Public 
Roads 

Evergreen 
Forest; 

Developed, 
Open 

Space; 
Developed, 

Low 
Intensity 

1.99 0.73 $53,423.91 $146,105.00 Residential Yes $97,287.00 1.99 

138 
Vacant Residential 
Lots/Tracts; Public 

Roads 

Evergreen 
Forest; 

Developed, 
Open Space 

2.00 0.70 $19,788.02 $56,628.00 Unable to 
determine No NA 2.00 

139 
Residential Single-

Family; Public 
Roads 

Evergreen 
Forest; 

Developed, 
Open Space 

3.00 1.00 $38,491.05 $116,039.00 Residential Yes $57,233.00 3.00 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

140 
Farm/Ranch Land 
(not in use); Public 

Roads 

Evergreen 
Forest; 

Developed, 
Low 

Intensity; 
Developed, 
Open Space 

9.14 2.14 $13,988.90 $59,747.00 Unable to 
determine No NA 2.14 

141 
Residential Single-

Family; Public 
Roads 

Developed, 
Low 

Intensity; 
Evergreen 

Forest 

3.43 0.29 $13,812.97 $163,583.00 Residential Yes $90,905.00 0.29 

142 Farm/Ranch Land 
(not in use) 

Woody 
Wetlands; 

Mixed 
Forest 

167.29 15.41 $81,387.64 $883,397.00 Unable to 
determine No NA 15.41 

143 
Commercial; 

Unusable land 
(land under water) 

Woody 
Wetlands; 

Mixed 
Forest; 

Evergreen 
Forest; 

Open Water; 
Grassland, 

Herbaceous 

1,878.38 79.40 $107,692.14 $2,547,664.00 Unable to 
determine No NA 79.40 

144 Vacant Pasture, 
Hay 

1.85 0.11 $538.70 $9,060.00 Unable to 
determine 

No NA 0.11 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

145 Vacant 

Pasture, 
Hay; 

Developed, 
Open Space 

2.49 0.03 $99.76 $8,280.00 Unable to 
determine No NA 0.03 

146 Residential Single-
Family 

Developed, 
Open 

Space; 
Evergreen 

Forest 

0.18 0.09 $66,571.00 $133,142.00 Residential Yes $120,533.00 0.18 

147 Vacant Residential 
Lots/Tracts 

Developed, 
Open Space 

0.15 0.03 $21,651.60 $108,258.00 Residential Yes $95,343.00 0.03 

148 Residential Single-
Family 

Developed, 
Open Space 

0.19 0.0019 $1,206.62 $120,662.00 Unable to 
determine 

No NA 0.0019 

149 Farm/Ranch Land 
(in use) 

Developed, 
Low 

Intensity; 
Pasture, 

Hay 

468.60 0.12 $220.95 $862,800.00 Unable to 
determine No NA 0.12 

150 Vacant Pasture, 
Hay 

2.00 0.01 $49.50 $9,900.00 Unable to 
determine 

No NA 0.01 

151 Residential Single-
Family 

Pasture, 
Hay 

2.00 0.05 $3,602.25 $144,090.00 Unable to 
determine 

No NA 0.05 

152 Residential Single-
Family 

Pasture, 
Hay 

2.00 0.09 $445.50 $9,900.00 Unable to 
determine 

No NA 0.09 

153 Residential Single-
Family 

Pasture, 
Hay 

2.00 0.13 $8,749.65 $134,610.00 Unable to 
determine 

No NA 0.13 

154 Farm/Ranch Land 
(not in use) 

Woody 
Wetlands 

18.51 0.48 $718.37 $27,702.00 Unable to 
determine 

No NA 0.48 

155 Residential Mobile 
Home 

Pasture, 
Hay 

2.14 0.08 $396.37 $10,603.00 Unable to 
determine 

No NA 0.08 
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Alternative 
6 ROW 

Parcel No. 
Land Use (H-GAC) Land Use 

(NLCD) 

Parcel 
Area        

(acres) 

Alternative 
6 ROW 
(acres) 

ROW 
Acquisition 

Cost  = 
Market 

Value/Total 
acres * acres 

in ROW 

Market Value 
(Total Area) 

Type of 
Structure 

Within ROW 
(Residential/ 
Commercial) 

Displacement 
Within ROW 
–Structures 
(Yes or No) 

Structures 
Within ROW 
Acquisition 

Cost 
(Improvement 

Value) 

Total 
Acres 

Acquired 
(25% 

Standard) 

156 Vacant Residential 
Lots/Tracts 

Developed, 
Low 

Intensity; 
Developed, 

Open 
Space; 

Developed, 
Medium 
Intensity; 
Pasture, 

Hay 

0.64 0.24 $1,443.38 $3,849.00 Unable to 
determine No NA 0.64 

Totals: Parcels that would result in displacements = 48 (31% of total number of parcels) 

Parcels with residential displacements = 36 

ROW Acquisition Cost (using available data) = $4,174,902.35 

Source: Harris County Appraisal District (HCAD, 2012), Liberty County Central Appraisal District (LCAD, 2011), H-GAC land use (2010), and National Land Cover Database 
(NLCD) land use (2006) 
Notes: 
1) Parcels would be purchased if the ROW alignment encroached on greater than 25% of the parcel. 
2) Land use is listed in order by area size (in order by largest area size to smallest area size).  
3) Land value exists but used market value for ROW Acquisition Cost in table. 
4) Types of structures (residential or commercial) within the right-of-way were determined from scanning aerials (USDA NAIP Texas 2010) and reviewing data from HCAD 
and LCAD. 
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 APPLICATION FOR DEPARTMENT OF THE ARMY PERMIT 
 (33 CFR 325) 

OMB APPROVAL NO. 0710-0003 
Expires December 31, 2004 

The Public burden for this collection of information is estimated to average 10 hours per response, although the majority of application should require 5 hours 
or less.  This includes the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed and completing and 
reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including 
suggestions for reducing this burden, to Department of Defense, Washington Headquarters Service Directorate of Information Operations and Reports, 
1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-4302; and to the Office of Management and Budget, Paperwork Reduction Project (0710-
0003), Washington, DC  20503.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for 
failing to comply with a collection of information if it does not display a currently valid OMB control number.  Please DO NOT RETURN your form to either of 
those addresses.  Completed applications must be submitted to the District Engineer having jurisdiction over the location of the proposed activity. 

 PRIVACY ACT STATEMENT 
 
Authorities:  Rivers and Harbors Act, Section 10, 33 USC 403; Clean Water Act, Section 404, 33 USC 1344: Marine Protection, Research and Sanctuaries 
Act, Section 103, 33 USC 1413.  Principal Purpose:  Information provided on this form will be used in evaluating the application for a permit.  Routine Uses:  
This information may be shared with the Department of Justice and other federal, state, and local government agencies. Submission of requested information 
is voluntary, however, if information is not provided the permit application cannot be evaluated nor can a permit be issued.  
One set of original drawings or good reproducible copies which show the location and character of the proposed activity must be attached to this application 
(see sample drawings and instructions) and be submitted to the District Engineer having jurisdiction over the location of the proposed activity.  An application 
that is not completed in full will be returned. 

 (ITEMS 1 THRU 4 TO BE FILLED IN BY THE CORPS) 

1. APPLICATION NO. 
 
 

2. FIELD OFFICE CODE 
 
 

3. DATE RECEIVED 
 
 

4. DATE APPLICATION COMPLETED 
 

 (ITEMS BELOW TO BE FILLED IN BY APPLICANT) 

5. APPLICANT'S NAME 
Coastal Water Authority 
Attn:  Mr. Gary N. Oradat, P.E., Executive Director 

8.  AUTHORIZED AGENT'S NAME AND TITLE (an agent is not required) 
Donald Ripley, P.E. 

6. APPLICANT'S ADDRESS 
 
One Allen Center 
500 Dallas St., Suite 2800 
Houston, TX 77002 

9.  AGENT'S ADDRESS 
 
AECOM  
5757 Woodway, Suite 101 West 
Houston, Texas 77057 

7. APPLICANT'S PHONE NOS. W/AREA CODE 
 

10.  AGENT'S PHONE NOS. W/AREA CODE 

 a.  Residence  N/A 
 b.  Business   713-658-9020 

 a.  Residence N/A 
 b.  Business 713-267-2853 

11. STATEMENT OF AUTHORIZATION 

I hereby authorize AECOM to act in my behalf as my agent in the processing of this application and to furnish, upon request, supplemental information in 
support of this permit application. 
 
 
                                                                                                                                                                                                                           
   APPLICANT'S SIGNATURE            DATE 
              Gary N. Oradat, P.E. 

 

 NAME, LOCATION AND DESCRIPTION OF PROJECT OR ACTIVITY 

12. PROJECT NAME OR TITLE (see instructions) 
 
Luce Bayou Interbasin Transfer Project 
 

13. NAME OF WATERBODY, IF KNOWN (if applicable) 
 
Trinity River and Lake Houston/Luce Bayou 

14. PROJECT STREET ADDRESS (if applicable) 
 
N/A 

15. LOCATION OF PROJECT 
 
      Harris and Liberty                      Texas        
            COUNTY           STATE 

 

16. OTHER LOCATION DESCRIPTIONS, IF KNOWN, (see instructions) 
              N/A 
 

17.  DIRECTIONS TO THE SITE 



2 

 
The pump station for the proposed Luce Bayou Interbasin Transfer Project (LBITP) is located on the Trinity River approximately six miles east of the intersection of FM 
1008 and County Road 2317 in eastern Liberty County.  Access to the pump station site is currently via an unimproved ranch road on an undeveloped tract of land.  
The LBITP corridor extends southwestward from the pump station to a discharge point near the confluence of Luce Bayou with Lake Houston.  The major road 
crossings of the corridor include FM 1008, SH 321, and FM 2100.  The discharge point is located west of FM 2100, approximately one mile south of the bridge 
crossing of FM 2100 and Luce Bayou. 

18. Nature of Activity (Description of project, include all features) 

The proposed project is the conveyance of water from the Trinity River to Lake Houston through an approximate 26.5-mile conveyance structure that would consist of 
approximately 3 miles of pipeline (two, 108-inch diameter pipes) and approximately 23.5 miles of a clay-lined earthen canal with berms, access roads, drainage ditches 
and perimeter fencing.  A sedimentation basin and an approximate 20-acre sediment storage area are proposed where the pipeline transitions to the canal.  Sediment 
pumped with the Trinity River water would be allowed to settle in the sedimentation basin and would be periodically removed so that water entering the canal would 
contain less sediment, this would thereby reduce the amount of sediment conveyed through the canal and into Lake Houston.  Below-ground siphons and box-culverts 
are proposed to be constructed where the canal crosses existing roads, easements or utilities and in areas that would require maintenance of existing hydrology that 
would otherwise be interrupted by the canal and associated structures. 

19. Project Purpose (Describe the reason or purpose of the project, see instructions) 
 
The purpose of the proposed project is to provide water for the City of Houston to meet anticipated water demands in the northern and western portions of the Houston 
metropolitan area.  Trinity River water conveyed through the proposed pipeline and canal would mix with Lake Houston water to be treated at the City of Houston’s 
Northeast Water Purification Plant and East Water Purification Plant for distribution to end users.  The proposed project would facilitate the regulatory requirement for 
conversion of the Houston metropolitan area from groundwater to surface water supply sources. 

 USE BLOCKS 20-22 IF DREDGED AND/OR FILL MATERIAL IS TO BE DISCHARGED 

20. Reason(s) for Discharge 

Clearing, grubbing, and grading associated with site preparation activities and construction of the proposed pump station, conveyance system, and associated facilities 
would require discharges of fill material that would adversely impact wetlands and other aquatic resources within the project footprint.  Discharges into the identified 
water resources are unavoidable and represent the minimum impacts needed to meet project requirements. 

21. Type(s) of Material Being Discharged and the Amount of Each Type in Cubic Yards 
 
Materials anticipated to be discharged below the plane of ordinary high water of the Trinity River include approximately 330 cubic yards of reinforced concrete, 
approximately 470 cubic yards of stabilized backfill, and approximately 7,600 cubic yards of riprap material.  Material anticipated to be discharged below the plane of 
ordinary high water of Lake Houston/Luce Bayou at the discharge point includes approximately 975 cubic yards of riprap.  An estimated 1.83 million cubic yards of 
earthen material is anticipated to be excavated to construct the proposed project.  The excavated material would consist of textures and properties of the soils 
occurring within the proposed project footprint.  Excavated soil material is expected to remain within the project footprint and would be used to construct project 
elements such as berms and maintenance roads. 

22. Surface Area in Acres of Wetlands or other Waters Filled (see instructions) 
 
Approximately 203.10 acres of jurisdictional aquatic resources were identified within the proposed project footprint, of which approximately 200.95 acres consist of 
wetlands and approximately 2.15 acres consist of waters of the United States.  Approximately 118.93 acres are forested wetlands, approximately 25.55 acres are 
scrub-shrub wetlands, approximately 45.26 acres are emergent wetlands, and approximately 11.21 acres are mostly open water wetlands.  Of the 2.15 acres of waters 
of the United States, approximately 0.18 acre consists of small natural drainages that exhibit an OHWM, and the remaining approximately 1.97 acres consist of waters 
at the proposed Lake Houston/Luce Bayou discharge location (0.30 acre) and waters of the Trinity River at the proposed pump station site (1.67 acres). 

23. Is Any Portion of the Work Already Complete?  Yes         No    X     IF YES, DESCRIBE THE COMPLETED WORK 
 
Some property acquisition has occurred within the LBITP footprint.  Construction of the proposed project would not be initiated until after USACE authorization and the 
issuance of a USACE permit.  The applicant requests that the expiration date of the issued permit be extended for 10 years to allow for property acquisition, final 
design and construction to occur for the approximate $300 million water supply project needed by the COH by 2019.  This large-scale project is approximately 26.5 
miles long, involves 1,050 acres, approximately 58 land owners, and an estimated volume of 1.83 million cubic years of material for construction.  The final design 
phase is anticipated to take at least 12 to 18 months so that the proposed design can be based on potentially lengthy multi-stakeholder review and concurrence. 

24. Addresses of Adjoining Property Owners, Lessees, Etc., Whose Property Adjoins the Waterbody (if more than can be entered here, please attach a supplemental 
list). 

A listing of adjacent property owners is provided on the supplemental list following this form. 
 

25. List of Other Certifications or Approvals/Denials Received from other Federal, State or Local Agencies for Work Described in this Application. 
 
  AGENCY  TYPE APPROVAL*  IDENTIFICATION NUMBER  DATE APPLIED  DATE APPROVED  DATED DENIED 
                  TCEQ      Adjudication of Water Rights     08-4261 and 08-4261B                                                                   1986/2009 
                  TWDB       Water Infrastructure Loan                                                                                                                  03/2008  
*Would include but is not restricted to zoning, building and flood plain permits 

26. Application is hereby made for a permit or permits to authorize the work described in this application.  I certify that the information in this application is 
complete and accurate.  I further certify that I possess the authority to undertake the work described herein or am acting as the duly authorized agent of 
the applicant. 

 
                                                                                                                                                          
  SIGNATURE OF APPLICANT    DATE     SIGNATURE OF AGENT     DATE 
 
This application must be signed by the person who desires to undertake the proposed activity (applicant) or it may be signed by a duly authorized 
agent if the statement in block 11 has been filled out and signed. 
 

18 U.S.C. Section 1001 provides that:  Whoever, in any manner within the jurisdiction of any department or agency of the United States knowingly 
and willfully falsifies, conceals, or covers up any trick, scheme, or disguises a material fact or makes any false, fictitious or fraudulent statements or 
representations or makes or uses any false writing or document knowing same to contain any false, fictitious or fraudulent statements or entry, shall 
be fined not more than $10,000 or imprisoned not more than five years or both. 
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Table 1.  Constraints Matrix 

Criteria Weight Screening 
Limit Alt 1 Alt 2 Alt 3 Alt 4 Alt 4A Alt 5 Alt 5a Alt 6 Alt 6a 

Agricultural Data 

Length (ft) through 
prime farmland 

soils1,2 
1 89,000 800 91,400 91,200 98,700 112,200 99,800 113,500 89,200 107,000 

Biological and Habitat Data 

Length (ft) of parks, 
state/federal forests/ 
WMAs intersecting 

alternative1 

1.5 5,280 203,800 0 0 9,900 9,900 0 0 14,800 14,800 

Riparian habitat (ft)1 1.5 5,280 325,000 106,500 NA NA NA NA NA NA NA 
Waters of the United States (including wetlands) Data 

No. of drainage or 
canal crossings 1.5 10 2 1 5 10 10 16 16 20 20 

Length (ft) of stream 
within alternative1 0 N/A 327,900 106,500 NA NA NA NA NA NA NA 

Length (ft) of NWI 
wetlands intersecting 

alternative3 
0 N/A 0 36,400 24,500 8,800 19,600 23,000 33,800 12,900 21,000 

Length (ft) of mapped 
floodplains 
intersecting 
alternative1 

0 N/A 319,900 120,200 23,200 14,300 24,200 17,900 27,800 17,900 31,200 

Length (ft) of NWI 
wetlands intersecting 
mapped floodplains3 

2 5,280 0 34,100 5,700 0 9,800 3,800 13,600 2,400 4,700 



Criteria Weight Screening 
Limit Alt 1 Alt 2 Alt 3 Alt 4 Alt 4A Alt 5 Alt 5a Alt 6 Alt 6a 

Environmental and Socioeconomic Data 

Length (ft) through 
minority census 

tracts1 
0 26,400 None 74,300 61,300 37,300 26,400 None 26,400 None None 

Length (ft) through 
low-income census 

tracts1 
0 N/A None None None None None None None None None 

No. of potential 
dislocations7 0 N/A NA NA NA NA NA NA NA NA NA 

Hazardous Materials Data 

No. of TCEQ listed 
Superfund sites 
within 500 feet4 

1 1 0 0 0 0 0 1 0 0 0 

No. of mapped oil 
and gas wells within 

500 feet 
1 12 NA 3 3 16 21 9 14 14 15 

No. of pipeline 
corridor crossings 
for each alternative 

1 19 NA 12 14 19 20 21 22 20 23 

Engineering, Permitting, and Logistical Data 

New Pump Station 
Required (Y or N) 2 Yes Yes Yes Yes Yes Yes Yes Yes No No 

Pump Station 
Modifications 

Required (Y or N) 
2 Yes No No No No No Yes Yes Yes Yes 

Additional Water 
Right Permitting 

Required 
(Y or N) 

3 Yes Yes No No No No No No No No 

Surface/ subsurface 
conveyance 

(percent)  
1 90/10 90/10 80/20 77/ 23 100/0 100/ 0 48/ 52 48/52 40/60 0/100 

Permanent alteration 
to area drainage 0 N/A TBD TBD TBD TBD TBD TBD TBD TBD TBD 



Criteria Weight Screening 
Limit Alt 1 Alt 2 Alt 3 Alt 4 Alt 4A Alt 5 Alt 5a Alt 6 Alt 6a 

Length of 
Improvements 1 116,200 17,600 96,000 115,900 126,300 167,200 112,900 153,900 114,200 130,200 

Estimated 
construction cost 

(millions)5,6 
3 $300 $195 $160 $175 $470 $940 $355 $720 $390 $655 

Estimated operation 
and maintenance 
cost (millions)5,6 

1 9.2 9.9 8.7 8.7 9.2 12.0 7.2 9.8 8.6 9.8 

Estimated Mitigation 
Cost (millions)5 2 5.0 8.4 13.1 4.5 4.0 6.3 4.5 6.0 3.0 4.5 

Total Weighed Score 12 10 6.5 14 18 11.5 17.5 11 13 
1 Numbers are estimated to the nearest 100 ft for the distance of the intersection of the alternative and the environmental constraint. 
2 Prime farmland soils include soils that are classified by the NRCS as prime farmland or prime farmland if drained. 
3 Numbers are estimated to the nearest 100 ft.; NWI-mapped wetlands are not inherently jurisdictional and accurate.  Actual wetland size and location would vary. 
4 A single location may comprise one or more sites depending upon types of materials handled and database registry.  Information is based on EPA and TCEQ 

GIS data sets. 
5 Costs subject to change, pending additional information. 
6 Numbers based on ultimate 2006 design (400 MGD), 2006 dollars 



EXHIBIT A 
 

AFFECTED LAND OWNERS 
 

 
 
20864 
CITY OF HOUSTON 
CITY HALL 
HOUSTON, TX 77002 
 
20862 
SHIRLEY & SONS CONSTRUCTION COMPANY, INC. 
P O BOX 429 
CLEVELAND, TEXAS 77328 
 
3.25 & 3.5 
WALTER D. HARRISON 
P O BOX 39 
DAYTON, TEXAS 77535 
 
20867 
FOREST PRIMEVAL INC 
P O BOX 39 
DAYTON, TEXAS 77535 
 
4.5 
CAPERS RIDGE RANCHES, LLC 
879 CR 2317 
DAYTON, TEXAS 77535 
 
24523 & 24521 
PAGE FLOYD HERMAN & GAIL 
1233 COUNTY ROAD 2327 
DAYTON, TEXAS 77535 
 
23824 & 106930 
DAVIS WIRT TR 
P O BOX 210 
LIVINGSTON, TEXAS 77351 
 



 
19900 
ROLKE RANDOLPH ETAL 
P O BOX 544 
DAYTON, TEXAS 77535 
 
131051 
CORE VALUE L P 
C/O TIMBERVEST LLC 
ATLANTA, GEORGIA 30327 
 
146611 
AUCOIN CARL EDWIN JR 
769 HIDDEN VALLEY 
LIVINGSTON, TEXAS 77351 
 
32319 & 25861 
PURA VIDA TIMBERLANDS LLC 
604 HWY 80 WEST STE P-3 
CLINTON, MS 39056 
 
21988 
WHEAT HOLDINGS LTD 
P O BOX 10050 
LIBERTY, TX 77575 
 
21997 & 26332 
DURDIN MADELYN A 
10616 HWY 321 
DAYTON, TX 77535 
 
45648 
TIMOTHY & TIFFANY GAULT 
10806 HWY 321 
DAYTON, TX 77535 
 
26346, 26335, 21998, 21999 & 32101 
PONDER RONNIE 
10677 HWY 321 
DAYTON, TX 77535 
 
96317 
MAJORS FRED JR & LISA 
10855 HWY 321 
DAYTON, TEXAS 77535 
 
14040, 24561 & 22992 
PINO GRANDE TIMBERLANDS LLC 
604 HWY 80 WEST 
CLINTON, MS 39056 
 



 
22994 & 29195 
STILSON PROPERTIES INC. 
17 HILLCREST DR  
DAYTON, TX 77535 
 
23003, 149385, 22997 & 46.5 
RICELAND PROPERTIES INC 
P O BOX 259 
MER ROUGE, LA 71261 
 
23.6 
ENSTOR HOUSTON HUB STORAGE 
20333 STATE HWY 249 # 400 
HOUSTON, TX  77070-2613 
 
149386 & 30155 
EPPLE CAROLYN JOHNSON 
12675 VIA COLMENAR 
SAN DIEGO, CA 92129 
 
25357 
QUINN KARI L REIDLAND TRUST 
2528 FM 686 
DAYTON, TX 77535 
 
25362, 25366, 25365, 25364 & 27620 
ENA STOESSER 
32 LITTLE JOHN LN 
DAYTON, TX 77535 
 
27616, 23004, 22126, 22123, 32576, 32577, 15703, 15708 & 15706 
STOESSER FARMS INC. 
ATTN: MR. MARK STOESSER 
P O BOX 637 
DAYTON, TX 77535 
 
22993 
GUTHRIE F E ETAL 
2528 FM 686 
DAYTON, TX 77535 
 
27624, 28559 & 15710 
HF HOUSTON GREEN LAND LP 
16380 ADDISON RD 
ADDISON, TX 75001 
 
15709 
BENDER E L & F V EST 
ATTN: MR.JACK LEEKA 
6363 WOODWAY DR STE 965,  
HOUSTON, TX 77057 
 



 
15711 & 31737 
J T TIMBERLANDS LLC 
2619 SLEDDING HILL ROAD 
OAKTON, VA 22124 
 
 
32536 
MR.NED HOLMES, TRUSTEE 
55 WAUGH DR SUITE 1111 
HOUSTON, TX 77007 
 
32538 & 410180000001 
BUMSTEAD RICHARD & SYLVIA 
2435 WOLF RD 
HUFFMAN, TX 77336 
 
32503 
CEDARWOOD PROPERTIES 
6200 DE LA GUERRA TERRACE 
BAKERSFIELD, CA 93306 
 
44.5 
ROY A. SEABERG, SR., ET AL 
P.O. Box 15919 
AUSTIN, TX 78761 
 
32502 & 401830000142 
MCGINNIS WALTER E & LAUREN 
20201 MONDAY HARGROVE RD 
NEW CANEY, TX 77357-7239 
 
401830000007 
MAY ROBIN APRIL 
2310 SWIFT BLVD 
HOUSTON, TX 77030-1117 
 
401830000094 
COOPER VALUE III 
3836 AMHERST ST 
HOUSTON, TX 77005-2830 
 
401830000099 & 401830000098 
VENABLES ROSETTA SCOTT 
1533 WAVERLY ST 
HOUSTON, TX 77008-4150 
 
401830000006 & 401820000090 
TEXAS LAND FUND NO 6 LP 
3200 SOUTHWEST FWY STE 3000 
HOUSTON, TX 77027-7567 
 



 
401820000078 
GILBREATH E C 
PO BOX 8508 
HOUSTON, TX 77249-8508 
 
401820000033 & 401820000812 
WOODLAND SHORES PARTNERS 
2113 LUBBOCK ST 
HOUSTON, TX 77007-7623 
 
45660 
KENNEDY ROGER D 
472 COUNTY ROAD 2340 
DAYTON, TX 77535 
 
45659 
WHITTON CODY L SR 
442 COUNTY ROAD 2340 
DAYTON, TX 77535 
 
45658 
ARSEMENT HALLIS W & DENISE V 
360 COUNTY ROAD 2340 
DAYTON, TX 77535 
 
45652 
STEPHENS ANNE J 
166 COUNTY ROAD 2340 
DAYTON, TX 77535 
 
45653 
DAVIS RANDALL LEON & AMY JO 
226 COUNTY ROAD 2340 
DAYTON, TX 77535 
 
45655 
BRACEWELL BARNEY E 
282 COUNTY ROAD 2340 
DAYTON, TX 77535 
 
45657 
BAKER JACKIE FELTON 
296 COUNTY ROAD 2340 
DAYTON, TX 77535 
 
96293 
GEORGE ALBERT 
266 COUNTY ROAD 6881 S 
DAYTON, TX 77535 
 



 
96304 
COLLINS AMOS & ORA JEAN 
519 COUNTY ROAD 688 
DAYTON, TX 77535 
 
96305 
BEECHEM OSCAR & PATRICIA ANN 
18519 HOT CREEK CT 
HUMBLE, TX 77346 
 
96306 
YARBROUGH LOUIS & DAMARIS 
P O BOX 2474 
BAYTOWN, TX 77522 
 
96307 
HEILEMAN RICHARD 
10202 CHEEVES DR 
HOUSTON, TX 77016 
 
96308 
GRADNEY MABEL IRNA 
217 COUNTY ROAD 688 
DAYTON, TX 77535 
 
96309 
MENDEZ JUAN & MARIA MONTALVO  
1901 GILLETTE STREET 
BAYTOWN, TX 77520 
 
96310 
BELL REGINA 
109 COUNTY ROAD 688 
DAYTON, TX 77535 
 
96294 
ZAK JOEL SCOTT 
221 COUNTY ROAD 6881 S 
DAYTON, TX 77535 
 
32570 
RESSLER JOSEPH C 
C/O RESSLER FREDERICKA S 
3108 MEMPHIS AVE 
NEDERLAND, TX 77627 
 
64460 
WICKES PAMELA L 
972 COUNTY ROAD 6243 
DAYTON, TX 77535 
 
 



 
 
64470 
RAWLINSON BOBBY GENE 
210 COUNTY ROAD 6245 
DAYTON, TX 77535 
 
31033 
MORRISON KENNETH RAY 
603 GOLDEN BEAR 
KINGWOOD, TX 77339 
 
31034 
KNIGHT JOE A 
P O BOX 232 
DAYTON, TX 77535 
 
32579 
FLETCHER RICHARD & KATHRYN 
2601 SOUTH BROADWAY #59 
LA PORTE, TX 77571 
 
32578 
WOJCIK LOUIS P 
22515 CORAL CHASE COURT 
KATY, TX 77494 
 
31499 
LOTT ALLEN 
474 COUNTY ROAD 6244 
DAYTON, TX 77535 
 
0401830000118 
DUMAS JOESPH B 
714 RTEELY CT 
HOUSTON, TX 77044 
 
0401830000130, 0401830000011, 0401830000131 & 0401830000133 
SCOTT AUBREY C & LINDA 
26250 SCOTT RD 
HUFFMAN, TX 77336-3847 
 
401830000118 
DUMAS JOSEPH 
PO BOX 1405 
HUFFMAN, TX 77336-1405 
 
0401820000095 & 0401820000102 
BOLENDER JOHN & STACIE 
PO BOX 1003 
HUFFMAN, TX 77336-1003 
 



 
0401830000114 & 0401830000134 
GRICE MADELINE M 
25740 WILLY LN 
HUFFMAN, TX 77336-4112 
 
0401820000188 
MCGINTY INC 
PO BOX 1330 
HUFFMAN, TX 77336-1330 
 
0401830000105 
DIVER REAGAN W & LORI A 
25750 WILLY LN 
HUFFMAN, TX 77336-4112 
 
0401830000132 
OESTRIECHER CLIFTON A III & WENDY 
101 N LOCKSLEY DR 
LAFAYETTE, LA 70508-4811 
 
0401830000031 
KUTA TIMOTHY J & KIMBERLY 
4006 WELLS MARK DR 
HUMBLE, TX 77396-4016 
 
0401830000127 
DOWNEY OPAL MRS ESTATE OF 
ATTN: MR. DOYLE LYNN MARTIN 
16711 GLENSHANNON DR 
HOUSTON, TX 44059-5503 
 
0401830000126 
MATHENY F L JR & 
14284 PURSLEY LN 
ALVIN, TX 77511-0270 
 
0401830000036 
THOMAS ALBERT J & CHRISTINE A 
2217 IRON ORE DR 
HUFFMAN, TX 77336-4107 
 
0401830000138 
 JONES FREDDIE SUE 
PO BOX 167 
COMO, TX 75431-0167 
 
 
0401830000020 
CHAUNCEY BILLY J 
3503 SHORE SHADOWS DR 
CROSBY, TX 77532-7221 
 



 
0401830000128 
POCKRUS SUZANNE 
5321 BAROUCHE CT 
PLANO, 75023-5645 



 
 
 
 
 
 
 
 
 

Attachment A – Project Description and 
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ATTACHMENT A 
PROJECT DESCRIPTION AND ALTERNATIVES 

 
 
1.0 SUMMARY 
 
The Coastal Water Authority (CWA) is a Conservation and Reclamation District established by 
the Texas Legislature in 1967 with a Board appointed by the Governor of Texas and the City of 
Houston.  The Luce Bayou Interbasin Transfer Project (LBITP) is a regional water supply project 
proposed to be implemented by CWA that would transfer raw water from the Trinity River Basin to 
Lake Houston, a major water supply reservoir for the City of Houston.  An overall, general project 
exhibit providing the identification and location of project facilities is provided as Sheet 1.  The 
LBITP has been an integral part of Texas state water planning for the past 50 years.  The project 
would ultimately convey by underground pipeline and aboveground canal approximately 500 
million gallons per day (MGD) of untreated or raw water from the proposed 90-acre Capers Ridge 
Pump Station on the Trinity River to supplement existing water supplies in Lake Houston in order 
to provide necessary water service to the surrounding area.  The proposed project would include 
property acquisition within a 300-foot wide corridor planned for the pipeline, and canal.  Intake 
and discharge structures and construction/maintenance areas and easements would also be part 
of the LBITP.  Nine alternatives were reviewed prior to the identification of a preferred alternative 
(Sheet 2).  The LBITP footprint would encompass approximately 1,050 acres in Liberty and Harris 
Counties, Texas.  Approximately 203 acres of waters in the United States, including wetlands, 
would be impacted by the proposed project.  The Sam Houston Electrical Cooperative would 
supply electric power to the pump station property.  Water in the canal would flow by gravity to 
Lake Houston. 
 
Since 1970, the City of Houston has owned significant water rights in the Trinity River and Lake 
Livingston.  Specific water rights related to this project include the right to divert a maximum rate 
of 775 cubic feet per second (cfs) from the Trinity River at the LBITP proposed pump station at 
Capers Ridge.  The Capers Ridge Pump Station property was acquired for the LBITP by the City 
of Houston in 1980 and conveyed to CWA in 2009.  The recommended concept for the LBITP 
includes the proposed pump station installed at the Trinity River, approximately 3 miles of 
pipeline, a sedimentation basin, approximately 23.5 miles of canal, an equipment maintenance 
facility, and a discharge structure.  The LBITP canal would outfall into the backwaters of Lake 
Houston on the northeastern shoreline near the confluence with Luce Bayou.  Raw water would 
be treated at the City of Houston owned Northeast Water Purification Plant (NEWPP) and the 
East Water Purification Plant (EWPP) via the West Canal (Sheet 1).  The City of Houston is 
planning a major expansion of the existing NEWPP that treats water from Lake Houston to 
provide the Houston metropolitan area with water supplies required by existing water supply 
contracts. 
 
Treatment of water from Lake Houston occurs at the NEWPP and the EWPP.  Lake Houston 
water supplies are vital to providing water to Harris-Galveston Subsidence District (HGSD) Area 
Three, which is being progressively converted from groundwater to surface water supply sources 
in compliance with mandated plans to control area subsidence.  Regional water authorities have 
been created in this area to distribute surface water, but sufficient raw water in Lake Houston and 
the NEWPP treatment capacity is not currently available to meet projected water supply needs for 
this portion of the Houston area while allowing for the required conversion from groundwater to 
surface water sources.  The LBITP would provide necessary water supplies to meet contracted 
demands identified by the City of Houston. 
 
2.0 NEED FOR AND PURPOSE OF PROJECT 
 
The LBITP is the interbasin transfer of raw water from the Trinity River to Lake Houston as 
stipulated by conditions established by an existing water rights permit issued by the Texas 
Commission on Environmental Quality (TCEQ).  The City of Houston currently operates three 



A-2 

surface water treatment plans: the NEWPP, the EWPP, and the Southeast Water Purification 
Plant (SEWPP).  Water in Lake Houston is and will continue to be treated at both the NEWPP 
and the EWPP and distributed to water end users.  Trinity River water conveyed by the LBITP to 
Lake Houston would need to begin no later than 2020.  The City of Houston would need to treat 
water at both the NEWPP and EWPP to meet demands by City of Houston water customers.  The 
LBITP is a long-planned water supply project that is critical to meeting projected growth and 
increased water demands vital to sustaining the long-term economic health of the Houston 
metropolitan area and surrounding communities.  The permitting and preliminary engineering 
phases are being financed by a $28 million Texas Water Development Board (TWDB) Water 
Infrastructure Fund (WIF) loan. 

The need for the LBITP is to meet the projected water demand and to increase available water 
supplies to comply with contracted, future demands identified by the City of Houston.  A 
secondary objective of the LBITP is to assist with the conversion of groundwater to surface water 
supply sources to control land subsidence that has occurred from excessive pumping of area 
groundwater aquifers.  The LBITP is a cornerstone in satisfying the mandated 
groundwater-to-surface water conversion program designed to control subsidence in the Houston 
area.  The conversion to surface water supplies is expected to slow subsidence by 2010.  By 
2020, subsidence is expected to be controlled and finally halted by 2030.  Water levels within the 
Gulf Coast Aquifer are predicted to rebound by as much as 125 feet through the implementation 
of the HGSD’s groundwater withdrawal reduction plan. 

The primary purpose of the LBITP is to meet the anticipated water demands based on population 
projections and to increase treated water supplies to comply with contracted, future demands 
identified by the City of Houston.  The LBITP is a long-planned water supply project identified by 
regional water planning efforts performed by the Texas Water Development Board (TWDB).  The 
LBITP has been included as a recommended water management strategy for the last 50 years 
and, more recently, in the 2006 Region H Water Plan, the initially adopted 2011 Region H Water 
Plan, the 2007 State Water Plan, and the draft 2012 State Water Plan.  A secondary objective is 
to meet the HGSD’s mandated groundwater reduction plan to limit groundwater use by Houston 
area municipalities by as much as 20 percent of total demand by 2030.  The HGSD was 
established by the State of Texas in 1975 to regulate groundwater pumping in Harris and 
Galveston Counties.  Significant land subsidence has occurred from excessive pumping of area 
groundwater aquifers.  The HGSD and the Fort Bend County Subsidence District have developed 
regulatory plans that mandate the reduction of groundwater pumping starting in 2010 or 2013, 
respectively, and continuing through 2030. 

Due to uncertainty in future growth and water demand, the LBITP would be designed to 
accommodate a peak pumping and conveyance capacity of 500 MGD, or 775 cfs; these 
capacities are also based on the conveyance limits established by the existing water rights permit 
issued by the TCEQ.  To meet forecasted contracted water demand allocations with existing 
supplies, the LBITP would supply 230 MGD in 2020 and 425 MGD in 2040 to Lake Houston for 
treatment and conveyance to end users in accordance with contract conditions. 
 
3.0 SITE ANALYSIS AND SITE DESCRIPTION 
 
The proposed project begins in central Liberty County along Capers Ridge at the Trinity River and 
terminates in northeast Harris County near the confluence of Luce Bayou and Lake Houston.  
The LBITP includes a proposed approximately 90-acre Trinity River pump station at Capers 
Ridge, approximately 3 miles of pipeline, a 20-acre sedimentation basin, approximately 23.5 
miles of canal, and a discharge structure that would outfall into the backwaters of Lake Houston.  
The proposed project is comprised of forested areas, agricultural land, grazing land, and public 
rights-of-way (ROWs).  Waters of the United States are interspersed throughout the entire project 
corridor.  Sheets 4 through 32 present a project layout with delineated wetland boundaries. 
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3.1 Project Components 
 
The project begins at the Trinity River along Capers Ridge with the construction of the proposed 
pump station.  The CWA-owned pump station tract encompasses approximately 90-acres 
(Sheet 4).  The individual elements of the pump station are listed in Section 4.3.  Water would be 
removed from the Trinity River via the pump station intake structure and flow into a pipeline 
located within a 300-foot ROW corridor for approximately 3 miles (Sheets 9 – 11).  The pipeline 
would be constructed 6-foot below natural ground and would consist of two, 108-inch pipes 
constructed 20 feet apart (Sheet 35).  The pipeline would discharge into a proposed 20-acre 
sedimentation basin and the water conveyance structure would transition into the proposed canal 
(Sheet 12).  The canal would be constructed within a 300-foot ROW (Sheet 36).  The proposed 
earthen canal would have a 20-foot wide bottom section with 4:1 side slopes and would be 
generally 7 feet deep.  The top of banks would be approximately 100 feet apart.  An access road 
would be constructed on each side of the proposed canal (Sheet 36).  The proposed canal is 
approximately 23.5 miles in length, terminating at the discharge structure at the backwaters of 
Lake Houston along the northeastern confluence with Luce Bayou.  Approximately 700 feet east 
of the discharge location at Luce Bayou, the canal transitions to a box culvert prior to discharge 
(Sheets 32 – 34).  The culvert would be constructed of three 6-foot x 8-foot concrete box culverts 
and would discharge below the ordinary high water mark (OHWM) of Luce Bayou.  A concrete 
headwall would be constructed at the point where the culvert structure discharges into Luce 
Bayou. 

Water control gates would be constructed to help control water levels in the canal (Sheet 37).  
The gates that would be situated within the canal would raise and lower to allow a greater or 
smaller volume of water through the canal depending upon conditions outlined by the client.  In 
general, the water level control gate structures would be placed along the canal at locations 
where a hydraulic drop is necessary to lower the water elevation in the canal.  These gate 
structures would serve to regulate the surface water level by increasing or decreasing the 
allowable flow through the canal.  The gates would operate using hydraulic pressure. 
 
The proposed access road to the Capers Ridge Pump Station would be constructed beginning at 
FM 1008.  The asphalt access road would have an 80-foot ROW (Sheets 13 – 15).  The road 
would follow the existing Timberline Road within the existing roadway footprint until reaching the 
entrance to the Harrison Tract.  On the Harrison Tract, the access road would generally follow the 
existing ranch road traversing along Capers Ridge and providing access to the sedimentation 
basin and the proposed pump station property.  The proposed access road traversing the 
Harrison Tract is approximately 2.5 miles long encompassing 25 acres before it enters the 
proposed LBITP ROW.  After entering the LBITP ROW, the access road would be contained in 
the project ROW until the ROW terminates at the proposed pump station.  Approximately 2.4 
miles of access road would be constructed within the LBITP ROW 

3.1.1 Wetland Systems 

An investigation for waters of the United States and wetlands was performed on the proposed 
LBITP corridor and pump station site.  The preliminary jurisdictional determination process has 
been implemented for the LBITP.  During the investigation, identified wetlands and natural 
drainage features were considered jurisdictional.  Man-made upland drainage ditches and ponds 
excavated from uplands were identified as non-jurisdictional.  The investigation resulted in the 
identification and delineation of approximately 203.10 acres of jurisdictional aquatic resources 
(Sheets 4 – 33 and Sheet 39).  Of this total, approximately 200.95 acres consist of wetlands 
resources.  Approximately 118.93 acres of forested wetlands occur within the project footprint.  
Approximately 45.26 acres of emergent wetlands, approximately 11.21 acres of an open water 
wetland, and approximately 25.55 acres of scrub-shrub wetlands occur within the project 
footprint.  All wetlands within the LBITP corridor would be adversely impacted by construction and 
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grading activities.  Clearing of the corridor would require the use of mechanized land clearing 
equipment, which is a considered a regulated fill activity. 

3.1.2 Waterbodies 
 
Approximately 2.15 acres of waters of the United States were identified during field investigations.  
Of these 2.15 acres, approximately 0.18 acre is comprised of small, natural drainages that exhibit 
an OHWM.  The remaining 1.97 acres are comprised of the confluence of Lake Houston and 
Luce Bayou (0.30 acre) and the Trinity River (1.67 acres) [Sheets 4 and 32]. 
 
3.1.3 Drainages 
 
The approximate 0.18 acre of small, natural drainages would be excavated within the LBITP 
corridor footprint.  Flows from the portions of these drainages located outside the project footprint 
would be directed into a small drainage ditch within the corridor.  The canal would flow into 
underground siphons.  Small drainage swales would then cross the canal and flow into drainage 
ditches.  Flows would be directed back to ditches within the corridor and returned to the 
drainages to continue in the original flow path.  The siphon areas would also serve as potential 
wildlife crossings. 
 
3.1.4 Trinity River 
 
The Capers Ridge Pump Station would be constructed at the Trinity River.  The construction of 
the pump station would include impacts below the OHWM of the Trinity River.  Approximately up 
to 1.67 acres of the Trinity River would be impacted during construction.  Impacts would include 
placement of a trash rack, construction of a headwall, construction of concrete slope protection at 
the base of the headwall, placement of a sluice gate in the headwall, construction of an intake 
structure, and placement of riprap for erosion protection.  Excavation would also occur below the 
OHWM; the excavation is needed to construct the pump station and associated erosion 
protection (Sheets 5 – 8). 
 
Approximately 330 cubic yards of concrete slope protection (including headwall and concrete toe) 
and an additional approximate 470 cubic yards of backfill material would be placed below the 
OHWM at the proposed pump station.  This would allow for construction of the sluice gate, trash 
track, and headwall wall for the pump station.  Approximately 1,100 cubic yards of material would 
be excavated below the OHWM to allow for construction of the pump station and placement of 
the concrete slope protection and headwall.  In addition, riprap would be placed along the banks 
of the Trinity River upstream and downstream of the intake structure for erosion protection.  
Approximately, 7,600 cubic yards of riprap would be placed below the OHWM of the Trinity River.  
To allow for placement of the riprap, approximately 6,000 cubic yards of material would be 
excavated below the OHWM of the Trinity River. 
 
3.1.5 Lake Houston Near Luce Bayou 
 
The proposed canal would discharge into the backwaters of Lake Houston along the northeast 
shoreline downstream of the confluence with Luce Bayou.  The canal would discharge below the 
OHWM through three box culverts.  The dimensions of each of the three culverts are 6-foot by 8-
foot (Sheets 32 – 34).  The culverts would terminate at a concrete headwall.  Through erosion 
analysis it was determined that erosion protection is needed at the discharge point.  
Approximately 975 cubic yards of riprap would be placed below the OHWM.  Construction of the 
concrete headwall and placement of erosion protection would impact approximately 0.30 acre 
below the OHWM.  
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3.1.6 Temporary Construction Impacts at the Trinity River and Lake Houston 
 
Portions of both the Trinity River and the backwater area of Lake Houston near the confluence of 
Luce Bayou would be dewatered to allow for construction and equipment access.  Certain 
portions of the proposed for the LBITP, namely the river bank stabilization, pump station intake, 
and canal outfall must be constructed within river boundaries.  Other structures, such as the 
pump bay, will be constructed further inland, but will still be in areas that are heavily influenced by 
groundwater and river water.  Contractors will have to implement construction strategies to 
control and redirect water around the construction area, and maintain a dry, safe working area.  
The means and methods of construction are traditionally left up to the contractor and not dictated 
by the engineer, unless special circumstances necessitate direction.  For this reason, a specific 
definition of the in-river construction methods cannot be provided; however, a general description 
of means and methods that have been successfully implemented on countless similar projects 
can be discussed. 

Contractors will construct a coffer dam using steel sheet piling to secure the area in which the 
excavation will be made.  Earthen coffer dams are sometimes constructed in lieu of sheet pile 
coffer dams; however, an earthen coffer dam is not anticipated to be used for this application due 
to the narrow, quick-moving river conditions.  A sheet pile coffer dam consists of a series of 
panels with interlocking connections, driven into the ground with impact or vibratory hammers to 
form an impermeable barrier.  Sheet piling is typically driven to a depth that is twice as deep as its 
exposed face.  For example, it will have 33 percent of the total length above ground and 67 
percent of the total length below ground.  Contractors will place sheet piling on three sides of the 
excavation leaving the inland face open (free of sheet piling) or partially open.  Sheet piling will be 
placed five to ten feet beyond the boundary of the proposed structures to leave working space 
and room for concrete forms.  The height of the sheet piling will be determined by the contractor 
based on the water surface elevation of periodic storm events within the river.  Once the sheet 
piling is put in place, the contractor will begin to dewater and excavate within the coffer dam.   
 
Piezometric dewatering wells will be constructed prior to or immediately after constructing the 
coffer dam and will continue to be used throughout construction in order control the influx of 
groundwater.  Sump pumps will also be used throughout the entire construction process within 
the coffer dam.  The depth of the excavation will be approximately five feet below the bottom of 
the proposed structure.  Once the sheet piling is in place and the excavation is complete, the 
contractor will construct the structure within the dry, secure workspace similarly to how the 
structure would be constructed above ground, using forms, concrete, and rebar.  Barges may be 
occasionally used by the contractor to provide a floating surface within the river on which to place 
cranes and pile driving equipment.  All of the sheet piling will be removed by the contractor once 
the structure and bank stabilization is complete and ready to be submerged. 
 
3.2 Land Use Compatibility 

 
The LBITP corridor traverses timberland, agricultural land, and rural residential land in Liberty and 
Harris Counties.  The canal would primarily be constructed in forested areas and agricultural land.  
The forested areas are generally in remote areas with limited human access.  The agricultural 
land exhibits an extensive canal and drainage network for irrigating and draining agricultural 
fields.  The proposed LBITP canal would be a feature on the landscape somewhat similar to the 
existing agricultural ditches and canals that currently exist within or immediately adjacent to the 
proposed LBITP.  The Dayton Canal is approximately 12 miles to the south of the proposed 
LBITP canal and similar in nature and extent. 
 
3.3 Site Acreage 

 
The proposed LBITP footprint would encompass approximately 1,050 acres and include the 
canal/pipeline corridor, pump station tract, sedimentation basin, access road, and maintenance 
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area.  The LBITP acreage is the minimum amount needed to construct and operate the proposed 
project.   
 
3.4 Transportation Access 
 
Numerous roadways intersect the proposed LBITP; major roadway crossings include SH 321, 
FM 2100, and FM 1008.  The proposed project would not eliminate or change access to any 
public roadways.  Chain-link fencing would be constructed at the major road crossings as security 
to prevent public access.  Safety barriers would be constructed to aid in the prevention of 
automobiles entering the canal during traffic accidents.  During construction and maintenance of 
the proposed canal, access to construction areas would be via existing roadways or CWA-owned 
property.  The proposed canal would have a maintenance road on each side of the canal.  One 
maintenance/access road would be constructed outside the footprint of the proposed canal 
corridor; it would be constructed on the proposed mitigation tract.  This road would follow an 
existing unimproved ranch road that would be widened and improved.  The maintenance road 
would provide access to the Capers Ridge Pump Station and the sedimentation basin.  The 
LBITP would not interrupt area utilities. 

 
4.0 ALTERNATIVES 
 
4.1 Evaluation Criteria 
 
Pursuant to Section 404(b)(1) of the Clean Water Act, the USACE defines practicable alternatives 
as those which are “…available and capable of being done after taking into consideration cost, 
existing technology, and logistics in light of the overall project purpose.” 
 
Cost – Due to the magnitude of the project, costs were a part of the decision-making process.  
Construction and maintenance costs were considered during evaluation of the alternatives.  
Evaluated costs associated with the project alignment, intake structure, pump station, 
sedimentation basin, canal, pipeline, outfall structure, permitting, mitigation, operations, and 
maintenance alternatives were considered.  The cost of LBITP must be balanced against the 
need for additional surface water supplies and public funding sources. 
 
Existing Technology – Construction of the proposed LBITP can be accomplished using 
currently available and competitively priced technologies and services associated with canal, 
pipeline, and pump station construction, and operation and maintenance. 
 
Logistics – The LBITP footprint would be owned by the applicant for operation of the proposed 
water supply project.  Alternatives would need to exhibit similar location, size, configuration, and 
access characteristics to accommodate the proposed canal and pump station. 
 
From this assessment, alternatives are considered practicable with regard to cost if the 
alternative provides for the construction of the pipeline, canal, and pump station at a cost 
equivalent to or less than the current TWDB WIF Loan.  An alternative is practicable with respect 
to existing technology if pipeline, canal, and pump station design and development costs are 
equal to or lower than the allocated amount for the LBITP.  An alternative would be practicable 
from the standpoint of logistics if land was available that is located in central and west Liberty 
County and in east Harris County along Lake Houston with similar size, configuration, and access 
characteristics allowing the project to provide for water transfer from the Trinity River to Lake 
Houston. 
 
4.2 No Action Alternative 

 
The No Action Alternative would not meet the need for the proposed project.  Without the LBITP, 
the City of Houston would not be able to meet their contracted demand allocations, projected 
long-term water supply requirements identified by the initially adopted 2011 Region H Water Plan 
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and the draft 2012 State Water Plan, and would not be able to meet mandated conversion of 
groundwater to surface water supply sources to control area subsidence by the deadline imposed 
by HGSD and the Fort Bend Subsidence District mandated plans. 
 
4.3 Canal and Alignment Alternatives Considered 

 
CWA’s initial planning for the LBITP began in 2006.  As part of the initial planning process, an 
alternatives analysis was performed for the proposed project.  The Alternatives Analysis Report, 
dated January 2007, identified nine alternatives to meet the need for and purpose of the 
proposed project.  Sheet 2 depicts the alternatives evaluated for the conveyance of water to Lake 
Houston for treatment at the NEWPP and the EWPP.  Table 1 presents the comparison matrix 
that was created to determine the least damaging practicable alternative.  For each alternative, 
relevant environmental constraints were identified and a qualitative assessment of the potential 
for these constraints to influence or be affected by construction of each alternative was 
developed.  Where possible, an assessment of the need for detailed studies, field investigations, 
and additional data collection was also developed.  The identified alternatives were scored using 
a screening threshold and a weighting factor assigned to each environmental criterion.  A 
comparison of the scores calculated for each alternative, which ranged from 6.5 to 18, revealed 
that Alternatives 2 and 3 scored the lowest of the nine identified alternatives (10 and 6.5, 
respectively).  The lower scores indicate that these alternative routes have more favorable 
environmental conditions or the least number of issues to be addressed as compared to other 
alternatives.  The City of Houston owned an approximate 90-acre property on the Trinity River 
that was identified as the pump station site for the LBITP.  Since the canal and pipeline route 
encompass over 90 percent of the project footprint, the detailed alternatives analysis focused on 
the canal and pipeline alignment.  A brief description of the alternatives is provided below.  The 
alternatives analysis conducted to determine the location of the pump station and pump station 
access road was focused since the location of the pump station was dependent on the permitted 
diversion point location, the location of City of Houston owned property identified at the diversion 
point and purchased for the construction of the pump station, and the unique geomorphology and 
hydrology of the area (i.e., the formation of Capers Ridge).  The pump station layout was 
designed to avoid and minimize impacts to aquatic and other resources including the 100-year 
floodplain.  The focused alternatives analysis performed for the pump station and pump station 
access road is described below in Sections 4.5 and 4.6. 
 
Alternative 1 – The pump intake for this alternative is located on Lake Livingston.  Water would be 
conveyed through a 3-mile long pipeline to Sand Creek, a tributary of the East Fork of the 
San Jacinto River.  The water would be added to river flows and move downstream to Lake 
Houston for removal and treatment at the NEWPP and the EWPP.  Sand Creek would require 
channel improvements to provide the necessary capacity to convey the anticipated volumes of 
water.  This alternative was abandoned based on logistics, as the City of Houston does not 
possess the water rights to take water from Lake Livingston. 
 
Alternative 2 – This alternative would locate the pump intake on the Trinity River at the proposed 
Capers Ridge Pump Station site owned by the City of Houston.  Water would be conveyed 
southwestward through approximately 4 miles of pipeline to a short canal section that would then 
convey water to the upstream channel of Luce Bayou.  The water would move through the Luce 
Bayou channel approximately 16 miles to Lake Houston for removal and treatment at the NEWPP 
and the EWPP.  A preliminary engineering design for this route was performed for the City of 
Houston by Kellogg Brown & Root (KBR) in the early 1980s.  The Luce Bayou channel would 
require significant improvement to provide the necessary capacity to convey the anticipated 
volumes of water. 
 
Alternative 3 – This alternative would locate the pump intake on the Trinity River at the proposed 
Capers Ridge Pump Station site owned by the City of Houston.  Water would be conveyed 
southwestward through approximately 3.6 miles of pipeline to an approximate 16-mile long 
constructed canal that would then convey the water to Lake Houston for removal and treatment at 
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the NEWPP and the EWPP.  This alternative was identified for further consideration and 
additional study in the Alternatives Analysis Report.  Ultimately, this alternative was identified as 
the least environmentally damaging practicable alternative based on resource and regulatory 
agency consultation regarding environmental effects and further consideration of costs and 
logistics. 
 
Alternative 4 – This alternative would locate the pump intake on the Trinity River at the proposed 
Capers Ridge Pump Station site owned by the City of Houston.  Water would be conveyed 
southwestward through approximately 24 miles of pipeline to Lake Houston for removal and 
treatment at the NEWPP and the EWPP. 
 
Alternative 4a – This alternative is the same as Alternative 4 except that the pipeline would be 
extended another approximately 4 miles to convey water directly to the NEWPP for treatment.  
Based on logistics, materials costs, and energy costs associated with pumping water through a 
constructed pipeline, Alternatives 4 and 4a were not considered to be practicable alternatives. 
 
Alternative 5 – This alternative would locate the pump intake at the existing CWA Trinity River 
pump station.  Water would be conveyed approximately 5 miles through the existing Dayton 
Canal system and would then be pumped through approximately 16 miles of pipeline to Lake 
Houston for removal and treatment at the NEWPP and the EWPP. 
 
Alternative 5a – This alternative is the same as Alternative 5 except that the pipeline would be 
extended another approximately 4 miles to convey water directly to the NEWPP for treatment.  
Based on logistics and costs associated with constructing and pumping water through the 
pipeline, Alternatives 5 and 5a were not considered to be practicable alternatives. 
 
Alternative 6 – This alternative would locate the pump intake at the existing CWA Trinity River 
pump station.  Water would be conveyed westward through approximately 22 miles of pipeline to 
Lake Houston for removal and treatment at the NEWPP and the EWPP. 
 
Alternative 6a – This alternative is the same as Alternative 6 except that the pipeline would be 
extended another approximately 3 miles to convey water directly to the NEWPP for treatment.  
Similar to the previous alternatives, the logistics, materials costs, and energy costs associated 
with constructing and pumping water through a pipeline the entire project length resulted in 
Alternatives 6 and 6a not being considered practicable alternatives. 
 
4.4 Least Environmental Damaging Practicable Alternative 
 

4.4.1 Canal and Alignment Alternatives 

The Clean Water Act states that “…no discharge of dredged or fill material shall be permitted if 
there is a practicable alternative to the proposed discharge which would have less adverse 
impact on the aquatic ecosystem, so long as the alternative does not have other significant 
adverse environmental consequences.”  Additionally, “An alternative is practicable if it is available 
and capable of being done after taking into consideration cost, existing technology, and logistics 
in light of overall project purposes.”  The initial screening of the nine alternatives for the 
implementation of the LBITP identified Alternatives 2 and 3 as practicable alternatives that meet 
the project purpose and need. 
 
Evaluation of these two alternatives revealed that a segment of pipeline and canal extending 
southwestward from the proposed Capers Ridge Pump Station are common elements of both 
alternatives.  Alternative 2 would convey Trinity River water through the Luce Bayou channel to 
Lake Houston.  However, the existing channel does not have the capacity to convey the 
anticipated volumes of water and would require significant reconfiguration that would remove the 
majority of vegetation and alter habitat conditions along and adjacent to the channel.  
Alternative 3 would be an open canal within a corridor south of and generally parallel to Luce 
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Bayou.  The corridor would traverse forested properties, agricultural lands, and ranch lands.  
Because of the existing disturbed conditions within the Alternative 3 corridor compared to the 
more natural habitat and vegetative conditions of the Luce Bayou channel, potential 
environmental impacts associated with Alternative 3 would be less than the potential 
environmental impacts associated with implementation of Alternative 2.  Alternative 3 represents 
the least environmentally damaging practicable alternative. 
 
Subsequent to the identification of Alternative 3 as the least environmentally damaging 
practicable alternative, this alternative was refined through agency consultation, LiDAR mapping, 
and planning-level environmental and engineering studies.  The proposed alignment includes a 
pipeline to pump water from the proposed Capers Ridge Pump Station to the southwest and 
along the topographic gradient between the Trinity River basin and the San Jacinto River basin.  
The alignment becomes an open canal that would move water by gravity to Lake Houston for 
treatment at the NEWPP and the EWPP.  The refined LBITP alignment route incorporated the 
following elements to the extent practicable: 
 
• Avoid/minimize impacts to mapped floodplains, wetlands, and other biological resources 

• Route the alignment along topographic high points or ridges that separate watersheds as 
defined by LiDAR data 

• Route the alignment along/near disturbed linear corridors such as pipeline easements and 
ROWs, roadway ROWs, and utility easements 

• Minimize dividing land parcels and displacing landowners 

• Minimize site access constraints 

• Where possible, route the alignment in disturbed areas such as agricultural fields instead of 
forested or wetlands areas 

 
4.4.2 Lake Houston Discharge Alternatives 

In 2007, six route alternatives were evaluated to identify for planning purposes the canal 
alignment route for the discharge into Lake Houston.  For the purpose of evaluation, each 
alternative route started at the same location in the Liberty County west of County Road (CR) 
624.   

Alternative 1 - The proposed canal route would extend a distance of 1.8 miles to outfall into Luce 
Bayou.  At that point, Luce Bayou would require improvements for the projected amount of water 
that would be transported into Lake Houston.  An estimated 2.4 linear miles of Luce Bayou above 
the Lake Houston backwater area would be affected by the proposed discharge outfall and would 
require channel improvements including rectification.  In addition, there are approximately 22 
acres of existing or planned residential development with constructed facilities and infrastructure 
along the proposed canal route. 
 
Alternative 2 - The proposed canal route would extend west-southwest along a pipeline 
easement, through developed and planned residential areas, and farm or ranch land 
approximately 2.6 miles and would outfall into Shook Gully.  At the proposed discharge point, 0.9 
linear mile of Shook Gully would be used to transport the water to Luce Bayou and thence to 
Lake Houston.  Approximately 0.9 mile of channel improvements to Shook Gully and 
improvement to an additional 2.4 linear miles of Luce Bayou would be required.  In addition, there 
are approximately 19 acres of existing or planned residential development with constructed 
facilities and infrastructure along the proposed canal route. 
 
Alternative 3 - The proposed canal route would extend west-southwest along a pipeline 
easement, along property boundaries, in roadway easements, and through rural residential areas 
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approximately 4.1 linear miles to discharge into the East Fork of the San Jacinto River and thence 
to Lake Houston.  This canal route would cross FM 2100 and could potentially affect large areas 
of possible forested wetland resources based on review of National Wetlands Inventory (NWI) 
data. 
 
Alternative 4 - The proposed canal route would extend west-southwest along a pipeline 
easement, along property boundaries, in roadway easements, and through rural residential areas 
approximately 4.7 linear miles to discharge south of the confluence of Luce Bayou and the East 
Fork of the San Jacinto River, and thence to Lake Houston.  This canal route would cross 
FM 2100; where local land use is primarily rural ranch land or farmland. 
 
Alternative 5 - The proposed canal route would extend west-southwest along a pipeline 
easement, along property boundaries, in roadway easements, and through rural residential areas 
approximately 6.5 linear miles to discharge directly into Lake Houston.  This canal route would 
cross FM 2100.  Land use is primarily rural ranch land or farmland, although there are 
approximately 17 acres of existing or planned residential development with constructed facilities 
and infrastructure. 
 
Alternative 6 - The proposed canal route would extend west-southwest along a pipeline 
easement, along property boundaries, in roadway easements, and through rural residential areas 
approximately 7.5 linear miles to discharge directly into Lake Houston.  This canal route would 
cross FM 2100.  Land use is primarily rural ranch land or farmland, although there are 
approximately 4 acres of existing or planned residential development with constructed facilities 
and infrastructure.  The proposed alignment could affect large areas of possible forested wetland 
resources based on review of NWI data. 

Based on an assessment of cost, logistics, and available technology, and a review of potential 
environmental effects, Alternative 4 was identified as the least environmentally damaging 
alternative for the canal alignment and discharge route to Lake Houston. 

4.4.3 Access Road Alternatives 

Three access road alternatives were considered after the corridor alignment was identified.  The 
roadway options were reviewed primarily based on wetland impacts and cost of construction. 
 
The first alternative considered extending the existing ROW for Timberline Road from FM 1008 
directly to the pump station.  This is the most direct route, but topographic maps indicate the route 
would cross a large bottomland forest area located in the Trinity River floodplain.  Based upon 
aerial photography review and regional knowledge, this route would impact large amounts of 
wetlands and this option was eliminated from further consideration.   
 
The second access road alternative started at the intersection of the proposed canal and FM 
1008.  In this alternative the canal berms would have to be constructed to sustain heavy loads 
caused by large vehicles traveling to the pump station, or the additional ROW would be needed to 
construct the road outside of the berms.  Either buying additional ROW or constructing the berms 
to withstand heavy loads would exceed the funding allocated for construction of an access road 
to the pump station. 
 
The third and preferred access road alternative would start from Timberline Road at FM 1008.  
The access road would turn south and enter the Harrison property where it joins an existing 
unimproved ranch road.  The existing roadway would need some modification to withstand the 
heavy loads traveling to the pump station and sedimentation basin.  However, this road would 
follow existing cleared areas until the proposed pipeline and sedimentation basin.  The proposed 
access road would then follow the proposed pipeline to the pump station site.  Following this 
alignment would limit the road footprint since it would follow previously disturbed areas.   
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4.4.4 Pump Station Alternatives 

 
The approximately 90-acre City of Houston pump station tract was purchased in the 1980s for the 
LBITP.  The layout of the pump station facility was evaluated to avoid and minimize impacts to 
area wetlands.  A wetland delineation was performed for the property and biologists and 
engineers worked to refine and limit the project footprint.  The size and configuration of the pump 
station was determined by the features required to construct, operate, and maintain the pump 
station.  Those features are listed below: 
 

• Intake structure and pump station 
• Buildings, which include offices, electrical room, motor control room, kitchen, etc. 
• Maintenance building 
• Vehicle shed 
• Operator residence 
• Electrical switchyard 
• Auxiliary power generation 
• Auxiliary power fuel storage 
• Septic tank and drain field 
• Water system 
• Storm water retention 
• Vehicle parking 
• Sediment storage 
• Access road 
• Electrical ROW 

 
The pump station was designed to include all of these needed features while minimizing the 
footprint; thus, it would minimize the impact on the natural environment, including aquatic 
resources. 
 
5.0 MITIGATION 
 
The proposed compensatory mitigation plan is included as Attachment D and Sheets 40 – 44. 
 
6.0 CONCLUSION 
 
CWA realizes that discharges of dredge or fill material into waters of the United States, including 
wetlands, should not occur unless it can be shown that the discharge would not result in an 
unacceptable adverse impact to the aquatic ecosystem that would not be in the public interest.  It 
is also understood that if there were a practicable alternative to the discharge, the discharge 
would not occur.  A practicable alternative ROW is not available that meets the stated evaluation 
criteria to achieve the project purpose.  The LBITP would impact approximately 200.95 acres of 
wetlands and approximately 2.15 acres of natural drainages, including the Trinity River and the 
backwater portion of Lake Houston near Luce Bayou (Sheets 4 through 32 and Sheet 39).  
Aquatic resources occurring within the LBITP corridor would be impacted by project construction.  
Clearing of the corridor would require the use of mechanized land clearing equipment, which is a 
considered a regulated fill activity.  Mitigation has been proposed to compensate for anticipated 
adverse impacts to approximately 203 acres of aquatic resources. 



 

 
 
 
 
 
 
 
   
 Attachment B – Section 404(b)(1) 
  Environmental Evaluation  
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ATTACHMENT B 
SECTION 404(b)(1) ENVIRONMENTAL EVALUATION 

 
 

I. Project Description 
 
 A. Location.  The LBITP is located in central and western Liberty County and eastern Harris County, 

Texas.  The project begins at the Trinity River and traverses approximately 26.5 miles across 
undeveloped, agricultural, rural and mixed-hardwood-pine forest land discharging to the 
backwaters of Lake Houston on the northeastern shoreline near the confluence with Luce Bayou. 
 

 B. General Description.  The proposed LBITP right-of-way (ROW) consists of approximately 1,050 
acres of primarily undeveloped, agricultural, rural land and mixed hardwood-pine forests.  The 
LBITP begins at the Trinity River near Capers Ridge, an elevated topographic feature formed by 
historical flooding along the Trinity River.  A proposed pump station would be constructed on an 
approximately 90-acre tract located adjacent to the river.  After the water is removed from the 
Trinity River via the proposed pump station it would flow into a proposed pipeline for 
approximately 3 miles.  The below-grade pipeline and access road would be construction along 
Capers Ridge within a 300-foot wide ROW.  The pipeline would be installed at a minimum depth 
of 6 feet below natural ground, and would consist of two, 108-inch diameter pipes placed a 
minimum of 20 feet apart.  The proposed pipeline would discharge into a sedimentation basin 
where the water would transition into the proposed canal.  The proposed LBITP canal would also 
be constructed within a 300-foot ROW.  The canal would have a 20-foot bottom and the slopes of 
the conveyance canal would be constructed to achieve a 4:1 (V:H) slope.  The top of banks would 
be approximately 100 feet apart.  A maintenance access road would be constructed along the 
high banks on each side of the proposed canal.  The proposed canal is approximately 23.46 miles 
in length including the discharge structure at Lake Houston. 
 

 C. Authority and Purpose.  The Coastal Water Authority (CWA) is a Conservation and Reclamation 
District established by the Texas Legislature in 1967 with a Board appointed by the Governor of 
Texas and the City of Houston.  The CWA is responsible to the City of Houston (COH) for 
implementing the LBITP and conveying water to Lake Houston by 2019.  The COH holds permits 
to pump raw water at a maximum rate of 775 cfs at the Capers Ridge diversion point to convey 
water Lake Houston for treatment.  The Certificates of Adjudication are numbered 08-4261 and 
08-4261B.  The LBITP planning, permitting, and preliminary engineering are being financed by a 
$28 million Texas Water Development Board (TWDB) Water Infrastructure Fund (WIF) Loan.  

 
  The primary purpose of the LBITP is to meet the anticipated water demands based on population 

projections and to increase treated water supplies to comply with contracted, future demands 
identified by the City of Houston.  The LBITP is a long-planned water supply project identified by 
regional water planning efforts performed by the TWDB.  The LBITP has been included as a 
recommended water management strategy for the last 50 years and, more recently, in the Initially 
Prepared 2011 Region H Water Plan and the draft 2012 State Water Plan developed by the 
TWDB.  A secondary objective is to meet the Harris-Galveston Subsidence District (HGSD) 
mandated groundwater reduction plan to limit groundwater use by Houston area municipalities by 
as much as 20 percent of total demand by 2030.  The HGSD was established by the State of 
Texas in 1975 to regulate groundwater pumping in Harris and Galveston Counties.  Significant 
land subsidence has occurred from excessive pumping of area groundwater aquifers.  The HGSD 
and the Fort Bend County Subsidence District have developed regulatory plans that mandate the 
reduction of groundwater pumping starting in 2010 or 2013, respectively, and continuing through 
2030.  The LBITP is a cornerstone of the plans to reduce subsidence in the Houston area. 
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 D. General Description of Dredged or Fill Material. 
 
1. General Characteristics.  According to the Soil Survey of Liberty County, Texas and the Soil 

Survey of Harris County, Texas, the project ROW lies within 29 soil mapping units.  The 
mapped soils range from sandy to clay textures, are moderately rapid to very slowly 
permeable, and have drainage classes of somewhat excessively drained to very poorly 
drained.  Soils excavated from on-site sources would be used for project construction.  
Imported earthen fill material in appreciable quantities is not expected to be required for 
construction of the LBITP. 

 
2. Quantity and Source of Material.  The LBITP ROW would be cleared using mechanized 

equipment.  These activities would be considered a fill activity because of the mixing and 
movement of soils that could adversely affect aquatic resources identified within the LBITP 
corridor.  Approximately 1.83 million cubic yards of soil would be excavated to construct the 
proposed LBITP.  Excavated soil would be used for construction of the project, including the 
canal berms and maintenance roads. 

 
The Capers Ridge Pump Station would be constructed at the Trinity River.  The construction of 
the pump station would include impacts below the OHWM of the Trinity River.  Approximately 
up to 1.67 acres of the Trinity River would be used during construction.  The following facilities 
at the pump station would be constructed:  headwall, concrete slope protection at the base of 
the headwall, sluice gate in the headwall, intake structure, and riprap for erosion protection.  
Excavation would also occur below the OHWM; the excavation would be needed to construct 
the pump station and associated erosion protection. 

 
Approximately 330 cubic yards of concrete slope protection (including headwall and concrete 
toe) and an additional approximate 470 cubic yards of backfill material would be placed below 
the OHWM at the proposed pump station.  This would allow for construction of the sluice gate, 
trash track, and headwall wall for the pump station.  Approximately 1,100 cubic yards of 
material would be excavated below the OHWM to allow for construction of the pump station 
and placement of the concrete slope protection and headwall.  In addition, riprap would be 
placed along the banks of the Trinity River upstream and downstream of the intake structure 
for erosion protection.  Approximately 7,600 cubic yards of riprap would be placed below the 
OHWM of the Trinity River for shoreline protection.  To allow for placement of the riprap, 
approximately 6,000 cubic yards of material would be excavated below the OHWM of the 
Trinity River. 

 
The proposed canal would discharge into the backwaters of Lake Houston along the northeast 
shoreline downstream of the confluence with Luce Bayou.  The canal would discharge below 
the OHWM through three box culverts.  The dimensions of each of the three culverts are 
6-foot by 8-foot.  The culverts would terminate at a concrete headwall.  Through sedimentation 
and erosion analysis studies and modeling, it was determined that shoreline erosion protection 
would be needed at the discharge point.  Approximately 975 cubic yards of riprap would be 
placed below the OHWM.  Construction of the concrete headwall and placement of erosion 
protection would impact approximately 0.30 acre below the OHWM of Lake Houston. 

 
 E. Description of the Proposed Discharge Site(s). 

 
1. Location.  Aquatic resources, primarily wetlands, occur within the proposed project footprint.  

Water courses and natural drainages consist of the Trinity River, Luce Bayou, and unnamed 
tributaries of these waters. 
 

 2. Size.  Approximately 203.10 acres of jurisdictional aquatic resources were identified within the 
proposed LBITP footprint.  Of this amount, approximately 200.95 acres consist of wetlands 
and approximately 2.15 acres consist of waters of the United States.  Approximately 118.93 
acres are forested wetlands, approximately 25.55 acres are scrub-shrub wetlands, 
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approximately 45.26 acres are emergent wetlands, and approximately 11.21 acres are open 
water wetlands.  Of the 2.15 acres of waters of the United States, approximately 0.18 acre 
consists of small-scale natural drainages that exhibit an OHWM and the remaining 
approximately 1.97 acres consist of Lake Houston at the proposed discharge location (0.30 
acre) and the Trinity River at the proposed pump station site (1.67 acres). 

 
  3. Type of Discharge and Fill Site.  Discharges would consist of clean soil excavated from onsite 

sources within the proposed LBITP footprint.  Fill locations would occur within the proposed 
300-foot LBITP ROW. 
 

4. Timing and Duration of Discharge.  The CWA requests that the USACE approve a permit with 
a temporal condition of 10 years to allow for property acquisition, final design and construction 
for this approximately $300 million water supply project.  It is anticipated that LBITP property 
acquisition would continue into 2012 and that the final design phase may not be initiated until 
after property acquisition is substantially complete.  Discharges associated with clearing and 
grubbing of CWA-owned property would begin after issuance of the USACE Section 404 
permit.  All construction associated with the LBITP would occur after property acquisition and 
the final design phase are complete.  Excavation and fill activities and associated discharges 
would occur within the LBITP 300-foot ROW.  All construction associated with the LBITP 
would occur within a 3-year period and construction would be complete by 2019. 

 
 F. Method of Discharge.  Mechanized land clearing, filling, grading, construction, and contouring 

using heavy tracked machinery are expected methods of discharge.  Additionally, reinforced 
concrete and riprap would be placed in both the Trinity River and along the banks of Lake 
Houston for shoreline stabilization and erosion protection. 
 

II. Factual Determinations 
 
 A. Physical Substrate Determinations. 

 
  1. Substrate Elevation and Slope.  The proposed canal would have a 20-foot bottom and the 

banks of the canal would be constructed to achieve a 4:1 (V:H) slope.  Drainage ditches 
would parallel the canal on both sides.  Areas outside the LBITP corridor would gently slope at 
a gradient of less than 1 percent in the direction of natural grade.  Hydrographic surveys of 
Lake Houston and the Trinity River were conducted in 2009. 
 

  2. Sediment Type. Sediments would be expected to be encountered in the Trinity River and 
Lake Houston and would be composed of unconsolidated material typical of the surrounding 
Beaumont Formation (Qb) sandy clay and sandy soils.  Sediment samples collected in 2009 
near the LBITP discharge point at Lake Houston indicate that shoreline sediments can be 
classified as brown silty clayey sand (0.9 percent medium sand, 60.1 percent fine sand, 33.2 
percent silt and 5.8 percent clay).  Based on Trinity River sedimentation and shoreline studies 
conducted in 2009, surface sediment samples collected from point bars in the vicinity of the 
LBITP Capers Ridge pump intake are almost entirely sand, with a mean sand content of 
approximately 96 percent.  The grain size distributions of samples from the channel bed 
material of the Trinity River are more variable, although still mainly composed of sand.  The 
sand content of the Trinity River channel bed samples is an average of 94 percent. 

 
  3. Dredged/Fill Material Movement and Footprint.  Fill material discharged on-site would be 

expected to be compacted and stabilized to limit movement and footprint; all discharged 
dredged/fill material would occur within the proposed LBITP ROW. 
 

  4. Physical Effects on Benthos.  Impact of the LBITP on macrobenthic communities within the 
area of the construction footprint would be minimal.  It is assumed that macroinvertebrate 
populations in the area would continue to use available aquatic habitat in the vicinity of the 
project due to the uniformity of habitat areas available in the Trinity River and Lake Houston.  
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After construction of the LBITP conveyance is complete, additional aquatic habitat would be 
available for macroinvertebrates. 
 

  5. Actions Taken to Minimize Impact.  Excavation and fill activities would be limited to the 
minimum necessary to meet project objectives.  See Attachment A for the Alternatives 
Analysis and the Environmental Report for proposed mitigation. 
 

 B. Water Circulation, Fluctuation, and Salinity Determinations.   
 
1. Water Quality.  Positive erosion control measures would be implemented during initial 

construction activities.  During construction, some short-term localized increases in 
suspended sediments and turbidity could occur.  The LBITP ROW, including the canal side 
slopes, would be vegetated as soon as practicable to stabilize exposed earthen material.  A 
study completed by the U.S. Geological Survey (USGS) to evaluate the effect of the LBITP on 
water quality of Lake Houston indicated that no significant changes in water quality would 
occur.  Results are discussed below. 
 

   a. Salinity.  The proposed LBITP is not located in a tidally influenced area.  Downstream of 
the proposed Trinity River diversion point and Capers Ridge Pump Station is a salt water 
barrier (Wallisville Salt Water Barrier).  The barrier prevents salt water intrusion from 
occurring in the Trinity River during low flow conditions. 
 

   b. Water Chemistry.  Water chemistry would not be impacted during construction of the 
LBITP.  The transfer of water from the Trinity River to Lake Houston could locally result in 
an insignificant change to the water chemistry of Lake Houston.  No water chemistry 
change would occur in the Trinity River.  The USGS performed a study assessing the 
affect of the LBITP on the water quality of Lake Houston.  The findings of this study were 
as follows:  ammonia nitrogen would not be affected and phosphorus and nitrite plus 
nitrate nitrogen may decrease slightly. 
 

   c. Clarity.  Short-term increases in water turbidity, and associated decreases in water clarity, 
would be expected during LBITP construction activities.  However, suspended sediments 
should settle from the water column as construction activities are completed and soils are 
stabilized.  During operation, some minor increase in turbidity could occur in the 
immediate vicinity of the pump station (Trinity River) and outfall (Luce Bayou).  The 
turbidity would be localized and suspended sediment would settle from the water column. 
 

   d. Color.  A slight change in color may occur as waters are agitated during construction 
activities.  However, no long-term change in water color is anticipated as a result of the 
proposed project. 
 

   e. Odor.  There could be some release of odor during excavation of material as organic 
matter is expected to be exposed to air.  This condition would be temporary and would not 
be expected to be severe.  No long-term odor issues are expected as a result of the 
LBITP. 
 

   f. Taste.  The water being transferred is raw water that would eventually be used for 
drinking water.  The water would be treated at the NEWPP and the EWPP prior to being 
distributed to water customers in the Houston area; taste would not be expected to be 
impacted by the proposed LBITP. 
 

   g. Dissolved Gas Levels.  Dissolved oxygen (DO) levels in Lake Houston would likely not 
change as a result of the transfer of water from the Trinity River to Lake Houston.  DO 
levels in the Trinity River would not be impacted by the construction or operation of the 
proposed project. 
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   h. Nutrients.  Predictive models conducted for the LBITP do not confirm change in water 
chemistry with respect to eutrophication or nutrient loading.  The Trinity River and San 
Jacinto River basins (Lake Houston) exhibit similar characteristics.  No additional 
nutrients sources would be expected as a result of the LBITP.  No impact to nutrients as a 
result of the LBITP would be expected. 
 

   i. Eutrophication.  No significant changes in chemical nutrients are expected in Lake 
Houston; thus, a major increase in primary nutrients is not expected.  No impacts related 
to eutrophication would be expected from construction of the LBITP pump station or 
canal. 
 

   j. Others as Appropriate.  Not applicable. 
 

  2. Current Patterns and Circulation. 
 

a. Current Patterns and Flow.  Within the LBITP ROW, unconfined water movement 
would primarily occur as sheet flow.  Confined water flow in the vicinity of the LBITP would 
occur within stream segments and bayous, rivers, drainage/irrigation ditches or 
ephemeral streams.  The flow regime of the Trinity River and Lake Houston is riverine.  In 
addition to flood flows, riverine flows are generated by upstream storm water and sheet 
flow runoff, tributary input, and reservoir releases from Lake Conroe (Lake Houston) and 
Lake Livingston (Trinity River).  Studies and models of the Trinity River conducted for the 
LBITP predicted typical flow patterns over a wide range of flow scenarios including helical 
flow currents (secondary flow) and overbank return flow during flooding.  Capers Ridge 
was found to be critical to the flow regime of the Trinity River.  The topographic ridge 
blocks the western portion of the floodplain and forces all flood flows to the east and north 
with the result that such flows are focused at the proposed Capers Ridge Pump Station 
intake location.  The flood waters that are directed to the north and that are able to 
re-enter the Trinity River at Mud Creek also effectively deflect high velocity flood flows to 
the east, away from the proposed Capers Ridge Pump Station intake location in a helical 
flow pattern.  High velocity flood flows are then conveyed to the outside meander bend of 
the Trinity River in the direction of the center of the channel.  These hydrologic flow 
effects are caused by the presence of Capers Ridge and would occur regardless of the 
LBITP. 
 
Typical water flow rates within the Trinity River are approximately 6,000 cubic feet per 
second (cfs).  Studies by the USGS and modeling efforts conducted in 2009 were 
performed to describe the effects of the LBITP on the flow characteristics of the Trinity 
River.  The results of these studies have shown that at relatively short timescales, the 
increased diversion and demand from the Trinity River due to the LBITP would primarily 
enhance existing flow conditions during low flow; this would be caused by additional 
releases from Lake Livingston to meet LBITP water requirements.  The releases from 
Lake Livingston during low flow periods would result in a positive benefit to the Trinity 
River between Lake Livingston and the LBITP diversion point.  At the same time, LBITP 
diversion of water in excess of downstream demands would tend to reduce the number 
and amount of peak flows experienced by the Trinity River.  Median and 10th percentile 
flow analyses suggest that the long-term effect of the LBITP would be to increase the 
volume of water in the Trinity River above Capers Ridge during low flow periods.  In 
addition, there would be a net reduction in the volume of water in the Trinity River below 
Capers Ridge as a result of the operation of the LBITP; it is expected however that a 
minimum flow rate of approximately 800 cfs would be maintained downstream of Capers 
Ridge through Lake Livingston reservoir releases. 
 

    The Lake Houston circulation and flow patterns would be affected by both the discharge 
to the East Fork of the San Jacinto River upstream of the LBITP discharge point and the 
water level at Lake Houston.  The LBITP would not pump during flood events.  Water 
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level control structures installed along the LBIPT conveyance canal would maximize flow 
management and manage discharges to Lake Houston.  Water level data collected by the 
USGS for Lake Houston were converted to water surface elevations and the maximum 
and minimum water levels have been estimated as 40.11 and 49.26 feet (above MSL), 
respectively, near the LBITP discharge point.  The average water level at Lake Houston 
has been calculated to be approximately 44.1 feet, MSL. 
 

   b. Velocity.  Water velocities range from 600 cfs to over 40,000 cfs within the Trinity River 
based on an analysis of the period of record from the USGS Romayor gage located 
upstream of the LBITP Capers Ridge diversion point near State Highway (SH) 105.  
Analysis of USGS historical peak flow data from 1990-2008 obtained at the Huffman gage 
indicates that the largest annual peak flow on record is 23,000 cfs in the vicinity of the 
LBITP discharge structure. 

 
    After construction, water travel time between the LBITP sedimentation basin and the Lake 

Houston discharge point is anticipated to take approximately 24 hours.  Based on analysis 
of flow records and subsequent modeling, the LBITP discharge rate to Lake Houston has 
been estimated to be 2 cubic feet per second. 
 

   c. Stratification.  The proposed project would involve pumping at the Trinity River and 
discharges into Lake Houston, a shallow riverine water body.  Based on previous studies 
and modeling conducted for the LBITP, stratification effects to Lake Houston or the Trinity 
River are not expected. 
 

   d. Hydrologic Regime.  The LBITP intake and discharge locations are within lake and river 
systems, the Trinity River and impounded Lake Houston on the East Fork of the San 
Jacinto River.  The Trinity River and San Jacinto River flow into Galveston Bay.  The 
wetlands within the proposed LBITP canal conveyance are primarily affected by 
precipitation and drainage (overland flow).  During low flow conditions, intake withdrawal 
from rivers has been demonstrated to have a profound effect on river currents, sediment 
transport, and possible areas of scour and deposition.  However, these effects would be 
primarily observed when flows in a river are already low.  Based on LBITP hydrologic 
investigations and modeling, the observed and modeled effect on river flow patterns 
would be limited to relatively infrequent occurrences and would involve movement of fine 
grain size sediments in the Trinity River.  The LBITP is located within the 
TWDB-established Region H that has been designated for water planning efforts.  The 
environmental flow requirements developed by the State of Texas for the downstream 
Trinity River, Trinity Bay, and Galveston Bay have been refined and ultimately adopted on 
a percentage basis by the Galveston Bay Freshwater Inflows Group (GBFIG).  The 
Initially Prepared 2011 Region H Water Plan incorporates as an Appendix the 
Environmental Flows Study issued in 2009.  Water management strategies identified by 
regional water plans, including the LBITP and Trinity River upper basin return flows from 
the Dallas Metroplex (Region C), would help meet state-identified environmental flow 
criteria as proposed by the TWDB and refined prior to adoption by GBFIG.  The flow 
regime necessary to achieve the maximum harvest (MaxH) environmental flow criteria for 
Galveston Bay would occur at least 50 percent of the time under the strategies adopted 
for Region H.  The flow regime necessary to achieve the minimum flow required to 
maintain the bay and estuary salinity target (Min Q-Sal) for Galveston Bay would be 
achieved at least 75 percent of the time based on water management strategies 
incorporated into Region H water plans.  These environmental flow criteria have been 
adopted by GBFIG for Galveston Bay.  To summarize, there would be a net increase in 
instream flows within Region H that would benefit Galveston Bay due to planned water 
management strategies that include the proposed LBITP and upstream return flows from 
Region C.  
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3.  Normal Water Level Fluctuations.  W.F. Baird & Associates (Baird) completed a hydraulic 
and sediment transport study for the LBITP.  The study included the Trinity River near 
Capers Ridge and Lake Houston discharge location area.  The study was designed to 
assess (model) water surface elevation (WSE) variances and sediment transport in the 
Trinity River and at the Lake Houston discharge location based on potential water level 
fluctuations.  These efforts were conducted to assess potential effects of the project on 
flow rate, potential WSEs, and sediment erosion and deposition within the Trinity River 
and Lake Houston to allow a better understanding of the characteristics of the Trinity 
River and Lake Houston.  The studied characteristics would influence the design of the 
LBITP intake structure and the Lake Houston discharge structure.  Analysis of USGS 
historical peak flow data collected from the Huffman gage near the LBITP discharge point 
provides an understanding of potential water level fluctuation in the area.  The maximum 
and minimum water levels near the LBITP discharge point are 40.11 feet and 49.26 feet 
above MSL, respectively.  Similarly, maximum and minimum water levels modeled for the 
LBITP Capers Ridge intake are 16.1 feet and 44.7 feet above MSL, respectively.  After 
the LBITP is constructed and operational, the Trinity River Authority would release 
additional water during otherwise low flow periods in order to meet the permitted water 
demand of the LBITP.  Future low flow rates were determined through a modeling 
exercise conducted for the project.  The minimum WSE of the Trinity River is expected to 
be approximately 16.9 feet MSL.  This elevation is associated with a minimum flow rate of 
approximately 1,000 cfs at Capers Ridge.  The anticipated minimum flow rate maintained 
by releases from Lake Livingston after the LBITP is constructed is anticipated to be higher 
than the flow rate that has occurred during the last 20 years in the vicinity of Capers 
Ridge. 

  4. Salinity Gradients.  The proposed LBITP is outside the tidal influence of Galveston Bay.  The 
operation of the Wallisville Salt Water Barrier ensures that salinity effects in the Trinity River 
as a result of the construction or operation of the LBITP would not occur. 
 

  5. Actions Taken to Minimize Impacts.  See Attachment A 
 

 C. Suspended Particulate/Turbidity Determinations.  A sedimentation basin is proposed to be 
constructed as part of the LBITP.  The basin would be located approximately 3 miles from the 
Capers Ridge Pump Station at the discharge end of the LBITP pipeline upstream of the LBITP 
conveyance canal.  The sedimentation basin would remove sediment that is pumped through 
the Trinity River intake and conveyed through the proposed LBITP pipeline.  The water flow rate 
into the sedimentation basin would be designed such that the majority of the conveyed sediment 
would settle to the bottom of the basin and would not be discharged into the LBITP conveyance 
canal.  The sediment contained within the basin would be periodically removed and stored 
on-site prior to final disposition.  Erosion control measures would be implemented during 
construction and operation of the sedimentation basin and the Capers Ridge Pump Station to 
minimize discharge or movement of stored sediment with storm water runoff into area water 
bodies, wetlands or the proposed LBITP canal.  Erosion control measures would be used during 
project construction to minimize the introduction of silt and sediment into areas outside the 
LBITP footprint.  Measures may include the use of silt filter fabric fence that would line the 
project ROW, stabilized construction access points at all roadway crossings, and filter dams 
located as needed along the LBITP construction route.  A storm water pollution prevention plan 
with best management practices would be prepared as part of the LBITP discharge elimination 
permitting for construction activities. 

 1. Expected Changes in Suspended Particulates and Turbidity Levels in Vicinity of Disposal Site.   

Not applicable, final disposition of sediment generated by the LBITP would be in upland 
locations. 
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  2. Effects on Chemical and Physical Properties of the Water Column. 
 

   a. Light Penetration.  No change in long-term light penetration for either Lake Houston or the 
Trinity River would be expected as a result of the LBITP. 

 
   b. Dissolved Oxygen.  No significant change to DO levels at either the Lake Houston 

discharge location or the intake structure at the Trinity River would be expected as a 
result of the LBITP.  Transfer of water from the Trinity River to Lake Houston would not be 
expected to change or influence the water quality of Lake Houston. 

  
   c. Toxic Metals and Organics.  There would be no anticipated change with respect to 

concentrations of toxic metals or organics at the discharge location at Lake Houston or 
the intake structure at the Trinity River as a result of the LBITP.  Construction and 
maintenance activities involving oils, greases, and petroleum products would occur but 
under permit and controlled conditions involving best management practices for storm 
water pollution prevention. 

 
   d. Pathogens.  No pathogens would be introduced to Lake Houston or the Trinity River as a 

result of the LBITP and therefore no effect is anticipated. 
 
   e. Aesthetics.  No change to the aesthetic conditions of the Lake Houston or Trinity River 

water column would be expected as a result of the LBITP. 
 
   f. Others as Appropriate.  Not applicable 

 
  3. Effects on Biota. 

 
   a. Primary Production and Photosynthesis.  Impacts of the proposed LBITP on 

photosynthesis and primary productivity would be minimal as the transfer of water via the 
conveyance canal would not affect sunlight, nor would the project increase or decrease 
available nutrients or support any combination of environmental conditions necessary to 
cause algal blooms and resulting in fish kills caused by DO depletion.  As water travels from 
the Capers Ridge Pump Station, through the proposed pipeline and canal conveyance 
channel, adequate DO levels would be expected. 

 
   b. Suspension/Filter Feeders.  Impacts of the proposed LBITP on filter feeders such as 

bi-valves, or sight feeders such as visual predatory fish species, should be minimal as water 
quality would not be expected to be degraded as a result of this project.  During construction 
and excavation of the LBITP channel, a potential temporary increase in suspended sediment 
resulting from the disturbance of the river or lake substrate would likely occur.  However, the 
presence of filter feeder or sight feeder populations would not be expected in the LBITP 
channel or canal until after construction.  The potential for colonization by these organisms 
may occur in areas of the newly constructed LBITP conveyance channel.  Actions to minimize 
impacts to these species during operation and construction would include erosion and 
sediment control, and management strategies to limit the introduction of erosion or sediment 
materials to storm water to minimize the potential for impacted storm water runoff. 

 
   c. Sight Feeders.  See above. 
 
  4. Actions Taken to Minimize Impacts.  See Attachment A 

 
 D. Contaminant Determinations.  Phase I Environmental Site Assessments (ESAs) were performed 

at properties identified for purchase or acquisition along the LBITP alignment.  No contaminants 
were discovered during these investigations.  The soils in the vicinity of the LBITP would not be 
expected to be contaminated.  Excavated material would be used during construction of berms 
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and maintenance roads.  The proposed LBITP canal would be a clay-lined structure.  Clean clay 
material, if needed for the construction of the canal, would be imported during construction. 

 
 E. Aquatic Ecosystem and Organism Determinations.   

 
  1. Plankton Effects.  Impacts of the proposed LBITP on plankton species would be expected to 

be minimal as water quality would not be expected to be degraded as a result of the project.  
Planktonic organisms would not be expected to change from their current condition as the 
project would not affect or support the combination of environmental conditions necessary to 
increase or decrease plankton populations, including but not limited to nutrient availability, 
sunlight, and DO. 
 

  2. Benthos Effects.  Impact of the proposed LBITP on macrobenthic communities at the project 
site would be expected to be minimal.  It is assumed that macroinvertebrate populations in the 
area would continue using available aquatic habitat in the vicinity of the project due to the 
uniformity of the physical characteristics present in both the Trinity River (intake structure) and 
San Jacinto River (discharge structure) watersheds.  After the proposed LBITP conveyance 
channel is constructed, additional aquatic habitat would be available for macroinvertebrates. 

 
  3. Nekton Effects.  Although there is a risk of impingement and entrainment on the pump intake 

screens at the Capers Ridge Pump Station, during typical pumping operations the intake 
screen design would control approach velocities at the Trinity River intake structure. During 
normal flow conditions, the intake approach velocities would be approximately 0.4 feet/second 
(ft/sec).  The anticipated approach velocity would be expected to reduce the effect of the 
LBITP on fish and nekton of the Trinity River.  In addition, the proposed intake screens would 
be constructed in the banks of the channel.  The location of these screens within the channel 
bank could also potentially reduce the risk of entrainment.  The screens would be designed to 
allow smaller- to medium-sized organisms to pass through which would reduce mortality on 
nektonic species that may be incidentally discharged into the LBITP conveyance channel 
canal. 

 
  4. Aquatic Food Web Effects.  Minimal impact would be expected on the overall aquatic 

community as a result of the construction, operation and maintenance of the LBITP; therefore, 
the effect of the LBITP to the aquatic food web would be expected to be negligible. 

 
  5. Special Aquatic Sites Effects.  

 
   a. Sanctuaries and Refuges.  The LBITP includes mitigation that involves preservation and 

transfer of approximately 3,000 acres of property to the U.S. Fish and Wildlife Service 
(USFWS) to become part of the Trinity River National Wildlife Refuge (TRNWR).  This 
would be expected to provide a significant benefit to the TRNWR system as a result of the 
implementation of the LBITP. 
 

 b.   Wetlands.  An investigation to identify and delineate waters of the United States including 
wetlands was performed for the proposed LBITP corridor and pump station site.  The 
preliminary jurisdictional determination process has been implemented for the LBITP.  
During the field investigations conducted, identified wetlands and natural drainage 
features were delineated.  Man-made upland drainage ditches and ponds excavated from 
uplands were not included as resources considered for compensatory mitigation.  
Approximately 203.10 acres of jurisdictional aquatic resources were identified within the 
proposed LBITP footprint.  Of this amount, approximately 200.95 acres consist of 
wetlands and approximately 2.15 acres consist of waters of the United States.  
Approximately 118.93 acres are forested wetlands, approximately 25.55 acres are 
scrub-shrub wetlands, approximately 45.26 acres are emergent wetlands, and 
approximately 11.21 acres are open water wetlands.  Of the 2.15 acres of waters of the 
United States, approximately 0.18 acre consists of small-scale natural drainages that 
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exhibit an OHWM, and the remaining approximately 1.97 acres consist of Lake Houston 
at the proposed discharge location (0.30 acre) and the Trinity River at the proposed pump 
station site (1.67 acres).  All wetlands within the LBITP corridor would be adversely 
impacted by construction and grading activities.  Clearing of the corridor would require the 
use of mechanized land clearing equipment, which is a considered a regulated fill activity. 
 

   c. Mud Flats.  There would be no impact to mud flats as a result of the LBITP. 
 

   d. Vegetated Shallows.  There would be no impact to vegetated shallows as a result of the 
LBITP. 
 

   e. Riffle and Pool Complexes.  There would be no impact to riffle and pool complexes as a 
result of the LBITP. 
 

  6. Threatened and Endangered Species.  No federally-listed threatened or endangered species 
occur within or adjacent to the proposed LBITP ROW.  Although delisted, there is a Bald 
Eagle nest tree located within 100 feet of the proposed LBITP conveyance canal in the vicinity 
of an agricultural reservoir.  Habitat is present for some state-listed species, but no 
documented occurrences for these species exist in the immediate vicinity of the proposed 
LBITP.  A detailed evaluation of these resources is presented by the Environmental Report. 
 

  7. Other Wildlife.  Construction activities associated with the LBITP would displace some 
animals.  Animals that are less mobile species than others could be eliminated during 
construction.  The proposed canal with side berms and access roads and anticipated water 
depths of approximately 7 feet would create a mobility barrier for some wildlife species and 
home range adjustments would be needed.  Eighteen siphon structures would convey LBITP 
water in the canal below the ground surface in concrete box culverts.  These siphon 
structures would maintain local hydrologic and drainage systems allowing the overland 
conveyance of sheet flow.  The surface expression of these drainage conveyance structures 
would be 200-foot long by 300-feet wide and would consist of ditches, swales or open grassy 
areas.  These structures would not be located at pipeline, utility easements or roadway 
crossings and would allow for the safe passage of wildlife across the LBITP canal.  Six-foot 
tall, 4-strand, barb-wire fences would be constructed along the LBITP pipeline and canal for 
security purposes.  Barb-wire fences are not anticipated to pose a travel barrier for most 
species as the strands may be designed to facilitate wildlife movement.  Large mammals, 
such as white-tailed deer, would either pass through or over the fence strands.  A detailed 
analysis of the proposed siphon structures that would maintain area hydrology and provide for 
wildlife mobility is included in the Environmental Report. 
 

  8. Actions Taken to Minimize Impacts.  See Attachment A. 
 
 F. Proposed Disposal Site Determinations.  Management and disposal of excavated material and 

accumulated sediment would occur within the proposed LBITP footprint. 
 

  1. Mixing Zone Determination.  Not applicable 
 

  2. Determination of Compliance with Applicable Water Quality Standards.  Appropriate best 
management practices would be implemented during construction, operation and 
maintenance of the LBITP.  These measures would minimize erosion and eliminate or 
minimize the potential to discharge materials into storm water.  The LBITP would obtain a 
discharge elimination system permit and develop a storm water pollution prevention plan for 
construction activities and, as needed, for operation.  A Texas Commission on Environmental 
Quality (TCEQ) permit to withdraw 775 cfs of water from the Trinity River at the Capers Ridge 
diversion point has been issued for the LBITP and operation of the project would comply with 
provisions of that permit.  No effluent would be discharged as part of the LBITP.  Compliance 
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with applicable water quality standards would be incorporated into implementation provisions 
developed for the LBITP. 
 

  3. Potential Effects on Human Use Characteristics. 
 

   a. Municipal and Private Water Supply.  The primary purpose of the LBITP is to meet the 
anticipated water demand based on population projections and to increase treated water 
supplies to comply with contracted, future demands identified by the City of Houston 
(COH).  The LBITP is a water management strategy included in state water plans for the 
past 50 years and recently identified by the Initially Prepared 2011 Region H Water Plan 
and the draft 2012 State Water Plan as a mechanism to provide needed potable water 
supplies to the Houston metropolitan area starting in 2020.  Raw water obtained from the 
Trinity River from the LBITP would be treated at the COH-owned Northeast Water 
Purification Plant (NEWPP) and the East Water Purification Plant (EWPP) and then 
conveyed under contract to water supply customers.  The COH is planning a major 
expansion of the existing NEWPP to meet treatment requirements associated, in part, 
with the implementation of the LBITP.  A limited private water supply would be provided at 
the proposed Capers Ridge Pump Station for operators of the LBITP.  See Attachment A 
and Chapter 2 of the Environmental Report for a more detailed description. 
 

   b. Recreational and Commercial Fisheries.  The proposed LBITP would have no 
measurable impact on recreational or commercial fisheries.  Recreational fishing is 
common along the Trinity River.  Construction and operation of the Capers Ridge Pump 
Station would slightly reduce the available area for fishing in the Trinity River, but at an 
area that is otherwise predominantly non-accessible.  An area surrounding the Trinity 
River intake structure approximately 0.10 acre in size would be inaccessible during pump 
operations.  This area represents less than 0.1 percent of available river area below Lake 
Livingston for recreational fishing.  No loss in commercial or recreational fishing 
opportunities would be expected at the Lake Houston discharge location.  The increase of 
flow to Lake Houston near the confluence of Luce Bayou may help alleviate restrictions in 
access to the area and may also help minimize drought stress to fishes during low flow or 
rainfall periods, thereby provide a slight benefit to fishing-related recreation. 
 

   c. Water-Related Recreation.  With exception of restricted access to the Trinity River 
shoreline at the proposed LBITP Capers Ridge Pump Station intake and shoreline 
protection facilities, water-related recreational activities would not be impacted at the 
Trinity River or at the discharge to Lake Houston near the confluence with Luce Bayou.   
 

   d. Aesthetics.  The approximate 90.52-acre Capers Ridge Pump Station property is fenced 
and has been owned by the COH or CWA for the LBITP since the 1980s.  The remote 
property is forested and undeveloped; access to the Trinity River is restricted.  A change 
in view to boaters or canoeists from the Trinity River may occur at this location as a result 
of the construction of the proposed pump station although the area remains relatively 
unpopulated.  Minor, short-term and temporary impact to aesthetics viewed predominantly 
by river boat traffic may occur.  The LBITP pipelines are below-grade structures and 
would not be visually observed.  The proposed LBITP canal conveyance would be 
constructed across Liberty County in an area with relatively low population density.  The 
proposed canal would consist of an above-grade, earthen canal bounded by parallel 
berms and access roads, fencing, and drainage ditches; the berms and canal side slopes 
would be mowed and maintained by CWA.  The proposed canal structure is similar to 
other linear features that exist on the landscape that have been constructed to support 
historical rice and crop production.  The most significant change to aesthetics related to 
the canal would occur in the vicinity of area reservoirs that exhibit restricted limited access 
to neighboring landowners with similar water conveyance structures.  Therefore, minor, 
localized impact to aesthetics may occur in the immediate vicinity of the LBITP. 
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   e. Parks, National and Historical Monuments, National Seashores, Wilderness Areas, 
Research Sites, and Similar Preserves.  The proposed project would have no direct 
impact to parks, national and historical monuments, natural seashores, wilderness areas, 
research sits, and similar preserves as these have not been identified in the LBITP 
vicinity. 

f.  Cultural Resources.  Historical and archeological investigations have been performed to 
investigate the location and areal extent of cultural resources under permit with the Texas 
Historical Commission.  During project planning, effects have been made to move or 
maintain the proposed LBITP alignment to avoid impacts to historical resources.  Based 
on studies conducted, no impacts are expected to occur to historical resources.  
Archeological investigations have been performed to evaluate the presence of such 
resources within the LBITP footprint.  Intensive archeological surveys have supplemented 
records research.  Based on the investigations conducted, approximately 30 
newly-recorded prehistoric (Native American) archeological sites have been identified 
within the area of potential effect.  Archeological investigations on the Capers Ridge have 
been performed and previously identified sites (41LB 42) have merged into larger sites at 
least one location.  Areas of possibly significant deposits at Capers Ridge have been 
identified, although these are few in number and localized in extent.  Given the knowledge 
of the terrain, the general character of sites within the upland margin landforms identified 
in the vicinity, sandy soil conditions, and observed erosion and disturbance in the area 
associated with a long-history of forestry and agricultural/ranching activities, it is probable 
that intact areas of potential archeological significance would be limited in extent and 
avoidable.  Prehistoric sites in sandy soil areas such as this the area along the Trinity 
River are easily disturbed by tree fall and extensive animal burrowing.  It is therefore likely 
that archeological sites would not exhibit the characteristics that would justify further 
investigations.  Coordination with the Texas Historical Commission continues to occur in 
accordance with the provisions of the Texas Antiquities Permit No. 5082.  At this time, it is 
anticipated that the construction and implementation of the LBITP would be authorized by 
the Texas Historical Commission and State Historic Preservation Officer (SHPO) during 
the project review and permitting process. 

 G. Determination of Cumulative Effects on the Aquatic Ecosystem. 
 
   The Council on Environmental Quality defines cumulative impacts as “…the impact on the 

environment which results from the incremental impact of the action when added to other 
past, present and reasonably foreseeable future actions.”  The combined addition and 
interaction of other projects and actions relative to the proposed project could potentially result 
in environmental degradation.  The cumulative impacts of an action would be the effects of 
that action on a resource, ecosystem, or human community combined with other activities 
affecting that resource, regardless of what entity is responsible for implementing the action. 

 
   Five elements to be considered for cumulative impacts are: 
 

- the area in which effects of the proposed project would be felt 
- the impacts that are expected in that area from the proposed project 
- other actions (past, present, and reasonably foreseeable) that have had or are 

expected to have impacts in the same area 
- the impacts or expected impacts from these other actions 
- the overall impact that can be expected if the individual impacts are allowed to 

accumulate 
 

A cumulative effects analysis was performed and is discussed by the Environmental Report 
prepared for the LBITP and submitted with this Department of the Army application submitted 
for project authorization. 
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H. Determination of Secondary Effects on the Aquatic Ecosystem. 
 

Wetlands that border the proposed LBITP footprint and within the 300-foot ROW could incur 
secondary impacts as a result of construction of the canal conveyance structure.  Siphons 
would be constructed to avoid these secondary impacts.  Siphon conveyance of the LBITP 
canal in below-grade culverts is designed to provide hydrologic connection of wetlands 
resources and thereby avoiding degradation that may occur through construction of the 
canal.  The major source of hydrology for wetlands identified in the vicinity of the LBITP canal 
is precipitation.  To avoid degradation that could occur due to an interruption of overland flow, 
eighteen drainage crossings are included in the canal design to maintain areas of hydrologic 
connection.  See the Environmental Report for a detailed discussion of the indirect and 
potential secondary impacts to the aquatic ecosystem. 



 

 
 
 
 
 
 
 
   
 Attachment C – Texas Commission on 

 Environmental Quality  
 Alternatives Analysis Checklist 
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TEXAS COMMISSION ON ENVIRONMENTAL QUALITY 
Tier II 

401 Certification Questionnaire 

The following questions seek to determine how adverse impacts will be avoided during construction 
or upon completion of the project.  If any of the following questions are not applicable to your 
project, write NA (‘not applicable’) and continue. 

Please include the applicant's name as it appears on the Corps of Engineers’ permit application (and 
permit number, if known) on all material submitted. The material should be sent to: 

Texas Commission on Environmental Quality 
Attn: 401 Coordinator (MC-150) 
P.O. Box 13087  
Austin, TX 78711-3087 

I.  Impacts to surface water in the State, including wetlands 
 

A.  What is the area of surface water in the State, including wetlands that will be 
disturbed, altered or destroyed by the proposed activity? 

   
  Approximately 203.10 acres of jurisdictional aquatic resources were identified within the 

proposed LBITP footprint.  Of this amount, approximately 200.95 acres consist of 
wetlands and approximately 2.15 acres consist of waters of the United States.  
Approximately 118.93 acres are forested wetlands, approximately 25.55 acres are 
scrub-shrub wetlands, approximately 45.26 acres are emergent wetlands, and 
approximately 11.21 acres are open water wetlands.  Of the 2.15 acres of waters of the 
United States, approximately 0.18 acre consists of small-scale natural drainages that 
exhibit an OHWM and the remaining approximately 1.97 acres consist of Lake Houston 
at the proposed discharge location (0.30 acre) and the Trinity River at the proposed 
pump station site (1.67 acres). 

 
B.  Is compensatory mitigation proposed?  If yes, submit a copy of the mitigation plan. If 

no, explain why not. 
 

A compensatory mitigation plan is attached to the permit application (Attachment D). 
 

C.  Please complete the attached Alternatives Analysis Checklist. 
 

See completed checklist and attached comparison matrix (Table 1), and also review 
Attachment A, Section 4.0, Alternatives.  A ranking system was created for potentially 
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impacted resources, the lower the rank the less of an impact the alternative would 
have on the environment. 

II.  Disposal of waste materials 

A.  Describe the methods for disposing of materials recovered from the removal or 
destruction of existing structures.  

  
 No structures are located in the proposed LBITP footprint with the exception of a 

communications tower that would be relocated to another pad site outside the 
proposed LBITP ROW.  Culverts or similar concrete or chemically inert structures 
that may be used during construction may be reused or disposed of in a registered 
solid waste landfill. 

 
B.  Describe the methods for disposing of sewage generated during construction.  If the 

proposed work establishes a business or a subdivision, describe the method for 
disposing of sewage after completing the project. 

 
 Sanitary sewage may be generated during construction by workers.  Portable toilets 

would be installed for use and periodically maintained with waste hauled off-site for 
treatment.  A septic tank would be constructed at the proposed Capers Ridge pump 
station to dispose of sanitary wastewater created at the pump station.  The septic tank 
and associated drain-field would be constructed according to Liberty County 
regulations.  The proposed maintenance facility to be located in Dayton, Texas, 
would provide for sanitary facilities for CWA O&M employees.  An onsite septic tank 
and drain field would collect, manage and treat sanitary wastes. 

 
C.  For marinas, describe plans for collecting and disposing of sewage from marine 

sanitation devices. Also, discuss provisions for the disposing of sewage generated 
from day-to-day activities. 

N/A 

III.  Water quality impacts 

A. Describe the methods to minimize the short-term and long-term turbidity and 
suspended solids in the waters being dredged and/or filled.  Also, describe the type of 
sediment (sand, clay, etc.) that will be dredged or used for fill. 

During construction of the proposed LBITP canal when the channel is being 
excavated, the canal will be free of water and thus turbidity is not anticipated to be a 
concern.  During the canal excavation, clay material deemed suitable for use as a 
liner will be placed along the canal bottom in lifts with depths ranging from 18 
inches to 24 inches depending upon site conditions.  For construction inside the 
banks of the Trinity River or Lake Houston, a temporary cofferdam would be 
constructed using sheet piling.  The area inside the sheet piling would be dewatered 
using pumps.  Dewatering the construction area would allow machinery to work 
within the river/lake without increasing suspended solids.  The height of the sheet 
piling to control turbidity would be determined by the Contractor based on the water 
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surface elevation of periodic storm events within the river.  After the sheet piling is 
installed, the Contractor would begin to dewater and excavate within the limits of 
coffer dam.  Piezometric dewatering wells would be installed and would continue to 
monitor groundwater infiltration during construction.  Sump pumps would be used 
within the coffer dam structure throughout the entire construction process.  The depth 
of the excavation would be approximately five feet below the bottom of the proposed 
structure.  After sheet piles are installed and excavation has been completed, the 
Contractor would construct the intake and discharge structures.  The area of 
construction would be dry and secure and forms, concrete, and rebar would be used 
to facilitate planned construction activities.  Barges may be occasionally used by the 
Contractor to provide a floating surface for operation of cranes and pile driving 
equipment.  All of the sheet piling would be removed by the Contractor after the 
either the pump intake structure and bank stabilization (riprap installation) or the 
discharge structure and shoreline protection material are completed.  Approximately 
1.83 million cubic yards of soil would be excavated to construct the proposed LBITP.  
Soils within the project vicinity would be used for construction of the canal berms, 
roads, drainage ditches and to provide fill material.  Mapped soils in Liberty County 
range from sandy to clay textures, are moderately rapid to very slowly permeable, 
and have drainage classes of somewhat excessively drained to very poorly drained. 
Unsuitable soils would be properly managed and hauled offsite for final disposition. 

 
B. Describe measures that will be used to stabilize disturbed soil areas, including: 

dredge material mounds, new levees or berms, building sites, and construction work 
areas.  The description should address both short-term (construction related) and 
long-term (normal operation or maintenance) measures.  Typical measures might 
include containment structures, drainage modifications, sediment fences, or 
vegetative cover.  Special construction techniques intended to minimize soil or 
sediment disruption should also be described. 

   
The LBITP would obtain and comply with the provisions of the discharge elimination 
system permit and develop a storm water pollution prevention plan for construction 
and, as needed, for operation.  Prior to construction, a storm water pollution 
prevention plan (SWPPP) would be prepared to address planned activities.  The 
SWPPP would be implemented during construction to minimize the introduction of 
erosion or sedimentation materials into storm water runoff that could potentially 
leave construction or staging areas.  Stockpiled materials may be placed under cover 
to control the potential for runoff.  This SWPPP would include best management 
practices to control dust and erosion such as silt filter fabric fencing, hay bales, rock 
filter dams, and other control measures determined to be necessary based on the 
construction activities that would be performed based on the development of final 
designs.  Disturbed/exposed soil areas would be seeded to form a vegetative cover 
over areas disturbed by construction. 

 
C.  Discuss how hydraulically dredged materials will be handled to ensure maximum 

settling of solids before discharging the decant water.  Plans should include a 
calculation of minimum settling times with supporting data (Reference: Technical 
Report, DS-7810, Dredge Material Research Program, GUIDELINES FOR 
DESIGNING, OPERATING, AND MAINTAINING DREDGED MATERIAL 
CONTAINMENT AREAS).  If future maintenance dredging will be required, the 
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disposal site should be designed to accommodate additional dredged materials.  If 
not, please include plans for periodically removing the dried sediments from the 
disposal area. 
 
N/A 

 
D.  Describe any methods used to test the sediments for contamination, especially when 

dredging in an area known or likely to be contaminated, such as downstream of 
municipal or industrial wastewater discharges. 

 
N/A
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ATTACHMENT C 
Texas Commission on Environmental Quality Alternatives Analysis Checklist 

 
Applicant:  Coastal Water Authority 
 Luce Bayou Interbasin Transfer Project 
 
 
I. Alternatives 
 

A. How could you satisfy your needs in ways which do not affect wetlands? 
 

A detailed alternative analysis was performed for the proposed project (see Attachment A 
and the Chapter 2 of the Environmental Report).  There were no project alignments that 
would satisfy the purpose and need for the project that would not affect wetlands.  Every 
effect was made to avoid and then minimize affects to wetlands resources.  Wetlands are 
prevalent on the landscape in southeast Texas.  The project LBITP alignment was 
constrained to areas that had been previously disturbed such as within pipeline 
easements, utility corridors, agricultural land and along existing irrigation canals or area 
roadways. 
 

B. How could the project be redesigned to fit the site without affecting wetlands? 
 

The proposed project could not be redesigned to avoid impacts to wetlands. For every 
project element, wetlands impacts were avoided and then minimized to the extent 
possible.  Wetlands are located throughout the project area and an approximate 26.5-
mile long project that encompasses approximately 1,050 acres of land could not be 
redesigned to avoid wetland impacts. 
 

C.  How could the project be made smaller and still fit your needs? 
 
The proposed project is the minimum size necessary to meet the purpose and need of 
the project. 
 

D. What other sites were considered? 
 

See Attachment A, Section 4.0, Alternatives, for a discussion of alternatives. Chapter 2 of 
the Environmental Report also provides an in-depth analysis of alternatives considered. 
 
1. What geographical areas were searched for alternative sites? 

 
The following geographical area was reviewed—areas south and west of Lake 
Livingston, north to Lake Conroe and along the East Fork of the San Jacinto 
River, along the Trinity River from 53 miles south of Lake Livingston to the 
existing CWA Trinity River Pump Station located near Moss Bluff north of the 
Chamber/Liberty County boundary line and west to Lake Houston.  See Sheet 2 
for a location of alternatives considered. 

 
2. How did you determine whether other non-wetland sites are available for 

development in the area? 
 
Alternative locations existing wetlands and soil data were reviewed and these 
included the appropriate United States Geological Survey (USGS) 7.5-minute 
topographic quadrangle maps, the 1996 Soil Survey of Liberty County, Texas, 
the 1976 Soil Survey of Harris County, Texas, online NRCS soil survey maps 
and soil reports, USFWS NWI maps, aerial photography such as 1995 USGS 
Digital Orthophoto Quarter Quadrangle (DOQQ) aerial photographs and 2008 
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true-color aerial photographs.  Aerial photographs were used to identify areas 
with signatures consistent with potential wetlands, water courses, open water, 
and other features.  A large portion of the project area is forested and potential 
wetland signatures were not easily identified beneath the tree canopy.  LiDAR 
data were used to assist in interpreting elevation gradients and locating 
topographic low spots to assess field conditions in forested areas.  The identified 
alternative alignments were plotted on these base maps and datasets using GIS 
mapping capabilities.  Environmental constraints were then used to compare 
alternatives.  See the attached Table 1. 

 
3. In recent years, have you sold or leased any lands located within the vicinity of 

the project?  If so, why were they unsuitable for the project? 
 
CWA has not sold or leased land in the vicinity of the proposed project in recent 
years.  CWA has recently purchased property within the LBITP footprint, at the 
Capers Ridge Pump Station, and has purchased over 3,000 acres of land for 
mitigation purposes, but has not sold or leased land in the project vicinity. 
 

E. What are the consequences of not building the project? 
 
The No Action Alternative would not meet the purpose and need for the proposed LBITP.  
Without the LBITP, the City of Houston would not be able to meet their contracted demand 
allocations for water and would not be able to meet the demand for long-term water supply 
identified by the Initially Prepared 2011 Region H Water Plan and the draft 2012 State Water 
Plan.  In addition, the Harris-Galveston Subsidence District and the Fort Bend Subsidence District 
mandated conversion plans to replace groundwater with surface water supply sources to manage 
area subsidence would not occur by the deadlines imposed and restriction use fees would be 
assessed of the City of Houston. 

 
II. Comparison of Alternatives  
 

A. How do costs compare for the alternatives considered? 
 

See the attached Table 1 for a comparison of costs. 
 
B.  Are there logistical (location, access, transportation, etc.) reasons that limit the 

alternatives considered? 
 

Yes.  The CWA owns the 90.52-acre Capers Ridge Pump Station property that was 
purchased by the City of Houston in the 1980s for the LBITP.  The City of Houston holds 
permits to pump raw water from the Trinity River at a maximum rate of 775 cfs from the 
Capers Ridge diversion point and to convey water Lake Houston for treatment.  The 
Certificates of Adjudication are numbered 08-4261 and 08-4261B.  As specified by 
Certificate of Adjudication No. 08-4261, the total permitted water that can be diverted at 
the Capers Ridge diversion point is 775 cubic feet per second (cfs) or an instantaneous 
average of about 500 MGD.  Access to the Capers Ridge Pump Station property would 
be restricted to areas owned or controlled by the City of Houston or the CWA, outside the 
floodplain of the Trinity River, along existing roads to the extent possible, and in areas 
that minimize impacts to aquatic resources. 

C. Are there technological limitations for the alternatives considered? 
 

Similar to above, the Capers Ridge Pump Station and intake structure needs to be 
located along the banks of the Trinity River at the permitted diversion point specified in 
COH water rights permits.  The Capers Ridge Pump Station also needs to be constructed 
outside of the 100-year floodplain of the Trinity River to the extent possible.  The water in 
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the LBITP channel flows by gravity from the topographic high point along Capers Ridge 
to Lake Houston; raw water pumped from the Trinity River does not need to be pumped 
along the conveyance structure which minimizes technology and electrical power costs.  
The location of the LBITP conveyance structure was based on the interpretation of LiDAR 
data to identify watershed divide and minimize changes to area hydrology and not 
increase the potential for flooding within the Cedar Bayou or Luce Bayou subwatersheds. 
 

D. Are there other reasons certain alternatives are not feasible? 
 

See B and C above. 
 

III.   If You Have Not Chosen An Alternative Which Would Avoid Wetland Impacts, Explain? 
 
A.  Why your alternative was selected, and the preferred site best meets selection criteria of 

all alternatives considered. 
 
 See Attachment A, Section 4.0, Alternatives, for an analysis of LBITP alternatives.  

Because of the length of the proposed project (approximately 26.5 miles) and the need to 
minimize curves along the conveyance structure, the common occurrence of wetlands 
resources throughout the landscape, an alternative that completely avoids wetlands 
resources is not available.  The least environmentally damaging practicable alternative 
was identified for the LBITP.   
 

B. What do you plan to do to minimize adverse effects on site wetlands? 
  

All wetlands within the LBITP 300-foot ROW would be impacted due to the nature of 
construction for the proposed project.  The loss of wetlands would be mitigated through 
implementation of a compensatory mitigation plan (Attachment D). 

 
IV. Please Provide Comparison of Each Criteria (From Part II) For Each Site Evaluation in the 

Alternatives Analysis  
 

See attached Table 1. 
 



 
 
 
 
 
 
 
 
 

Attachment D – Compensatory Mitigation 
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CONCEPTUAL MITIGATION PLAN 
 
 

Avoidance and minimization of adverse impacts to the natural environment was a critical goal of the 
LBITP planning process and preliminary design.  Due to the scale and size of the proposed project 
(approximately 26.5 miles long and encompassing approximately 1,050 acres), impacts to all 
environmental resources could not be avoided.  Alignment planning and detailed alternatives analyses 
were performed in an effort to minimize impacts to the natural environment, including aquatic resources 
(see Chapter 2 of the Environmental Report).  Following the identification of the preferred alternative, the 
LBITP corridor alignment was further refined to minimize adverse environmental impacts by aligning the 
corridor through disturbed areas, along parcel boundaries, outside the floodplain, and outside forested 
areas where possible.  The corridor was aligned, where possible, along upland ridges and topographic 
breaks between watersheds.  The footprint of the proposed Capers Ridge Pump Station (CRPS) was 
designed to minimize impacts to aquatic resources, and aquatic resources on approximately 39.2 acres of 
the CRPS property have been completely avoided.  The access road to the pump station was also routed 
along existing roads to the extent practicable. 
 
As a result of negotiations with a local landowner, a high quality, bottomland, hardwood forested parcel 
extending to the Trinity River immediately south of the CRPS was acquired for use as part of the 
mitigation site.  The mitigation site is within the established Lower Trinity River Floodplain Habitat 
Stewardship Program (LTRFHSP) acquisition boundary for the Trinity River National Wildlife Refuge 
(TRNWR) that has been proposed and adopted by the U.S. Fish and Wildlife Service (USFWS) in 1999.  
The mitigation site would include, as negotiated with the USACE, the surveyed boundary of the property 
acquired by Coastal Water Authority (CWA) for mitigation, an undeveloped portion of the CRPS, and the 
bottomland hardwood forested parcel south of the CRPS, as necessary. 
 
The proposed mitigation property owned by CWA is an off-site area that has been considered 
conceptually for preservation as part of mitigation discussions with regulatory and resource agencies.  
The mitigation property is located in proximity of the Luce Bayou, San Jacinto River, and Trinity River 
watersheds and within comparable Hydrologic Unit Code (HUC) zones.  The USFWS promotes active 
stewardship of important remnant habitats of approximately 105,000 acres in eight designated Focus 
Areas in the lower Trinity River floodplain.  These Focus Areas are identified to become part of the 
USFWS NWR system and would be included as part of the TRNWR.  Discussions have included 
surveyed property conveyance by deed or conservation easement.  The proposed mitigation property 
contains the geomorphic features known as Capers Ridge. 
 
For unavoidable impacts to waters and wetlands identified within the project corridor, compensatory 
mitigation would be required by the USACE to replace the functions provided by these waters and 
wetlands.  The parcel of land located adjacent to the Trinity River in the far northeastern portion of the 
LBITP has been identified as a proposed site to be used for compensatory mitigation for anticipated 
impacts to wetlands and other aquatic resources.  The acreage offered for mitigation would comply with 
USACE requirements based on assessment of habitat value and function and potential impacts of the 
LBITP determined through field verification of wetlands delineations.  The mitigation parcel would include 
portions of the property acquired by CWA for mitigation (at most approximately 2,953 acres) and a portion 
of the Capers Ridge Pump Station property (at most approximately 39 acres) and these areas are known 
collectively as the mitigation site.  In total, approximately 1,224 acres of aquatic resources were identified 
within the entire mitigation site, including approximately 1,208 acres of wetlands and 16 acres of 
drainages and ponds.  The identified wetlands consist of approximately 964 acres of forested wetlands, 
approximately 6 acres of emergent wetlands, approximately 25 acres of scrub-shrub wetlands, and 
approximately 213 acres of a large wetland area containing forested, emergent, and scrub-shrub 
components.  Uplands within the mitigation site consists of approximately 879 forested acres, 
approximately 328 acres of pastureland, approximately 61 acres of scrub-shrub, approximately 479 acres 
of mosaic forested upland, and approximately 40 acres of scrub-shrub mosaic upland (Table 1 and 
Sheets 40 – 44). 
 
The mitigation site has been acquired by CWA to provide compensation for unavoidable impacts to 
aquatic resources through preservation.  Based on USACE field verification of the wetlands delineations 
performed, the necessary acreage for necessary compensation will be surveyed and deeded to the 
USFWS to become part of the TRNWR before construction of the project.  The majority of the mitigation 



D - 2 

site is forested; however, an area has been cleared and is used as pasture.  Changes to the landscape 
have occurred in the past through clearing of the Trinity River floodplain (pastureland along Gillen Bayou), 
drainage improvements, timber harvesting activities, hunting, oil and gas exploration, and existing cattle 
grazing.  Prior to acquisition by the CWA, candidate areas for compensatory mitigation were also subject 
to the threat of imminent residential land development and clearing of timber resources by the previous 
property owner. 
 
Approximately 203 acres of jurisdictional aquatic resources were identified within the portion of the 
proposed project footprint, including approximately 201 acres of wetlands.  Compensatory mitigation of 
these impacted wetlands is required under the 2008 Final Rule for Compensatory Mitigation for Losses of 
Aquatic Resources (2008 Final Rule).  The 2008 Final Rule establishes methodologies that identify the 
acceptable level of wetland mitigation credits for unavoidable impacts to aquatic resources based on the 
function and value of the impacted natural resources.  The final mitigation requirements depend on the 
type and quality of the replacement wetlands determined by a functional assessment. 

Table 1 – Potential Resources and Type Within the Mitigation Areas 

Harrison Property Potential Mitigation Area Maximum Acres 

Aquatic Resource Type 
Emergent Wetlands 6.10 
Forested Wetlands 953.36 
Scrub-Shrub Wetlands 25.19 
Forested/Emergent/Scrub-Shrub Wetland 212.50 

 Wetlands Subtotal: 1,197.15 
Total Drainages 3.70 
Total Ponds 1.20 
Gillen Bayou 10.90 

 Drainages/Ponds Subtotals: 15.80 
 Total Maximum of Aquatic Resources: 1,212.95 
Upland Resource Type 

Upland Forested 840.68 
Upland Scrub-Shrub 60.92 
Upland Pastureland 328.29 
Mosaic Forested Upland 469.70 
Mosaic Scrub-Shrub Upland 40.00 

 Total Maximum Upland Resources: 1,739.59 

Pump Station Property Potential Mitigation Area Acres 

Upland Resource Type 
Upland Forested 19.34 
Mosaic Forested Upland 9.02 

 Total Maximum Upland Resources: 28.36 
Aquatic Resources 

Forested Wetlands 10.84 
 Total Maximum Wetlands Resources: 10.84 
Potential Cumulative Maximum of Aquatic Resources 1,223.79 
Potential Cumulative Maximum Upland Resources 1,767.95 
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Function and Value Modeling 
 
A wetland evaluation using two different wetland evaluation models was conducted on the mitigation site.  
These models analyze and compare the functions and services of preservation of the proposed mitigation 
site wetlands to those wetlands proposed to be impacted by construction along the project alignment.  
This assessment would aid in establishing the necessary size of the mitigation property to be conveyed 
for preservation to compensate for anticipated wetland impacts associated with the LBITP. 
 
Wet 2.0 Methodology 

The WET 2.0 methodology was used to evaluate the relative value of the wetland areas within the 
proposed mitigation area against those that would be impacted by the project alignment.  Typical 
wetlands within the proposed mitigation site and along the project alignment were evaluated using the 
WET 2.0 methodology and then compared against one another.  The regional priority for each 
function/value assessment was determined using the values established for the Greens Bayou Wetlands 
Mitigation Bank.  While these figures may not accurately reflect the regional priorities for the actual project 
alignment and the mitigation site, they should provide a baseline from which the relative values of the 
wetland areas can be compared. 
The Quality Point Scores (QPS) for each wetland area was calculated by dividing the sum of the total 
scores for Social Significance and Effectiveness derived from the WET 2.0 methodology by the sum of 
the maximum possible score for the wetlands, given their regional priorities.  Wetland credits were 
calculated by multiplying the QPS by the impact acreage.  It is anticipated that approximately 203 acres of 
aquatic resources would be impacted by construction activities along the proposed alignment.  As 
determined through wetlands impact verification and through negotiations approved by the USACE, the 
proposed mitigation site would contain approximately 1,224 acres of aquatic resources that would be 
preserved as needed.  The QPS and calculated wetland credits for the proposed LBITP alignment and 
the proposed mitigation site can be found in Table 2 and Table 3, below. 

Table 2 – Proposed Alignment Wetlands QPS and Wetland Credits using WET 2.0 Methodology 

Function Value Actual 
Score 

Maximum 
Score 

QPS 
(Actual 

Score/Maximum 
Score) 

Proposed 
Impacts 
(Acres) 

Wetland Credits 
(Potential Impact 
Acreage x QPS) 

Social 
Significance 49 63 - - - 

Effectiveness 42 78 - - - 

TOTAL 91 141 0.645 203.1 130.99 
 

Table 3 – Proposed Mitigation Site Aquatic Resources QPS and Wetland Credits using    
WET 2.0 Methodology 

Methodology 

 

Function Value Actual 
Score 

Maximum 
Score 

QPS 
(Actual 

Score/Maximum 
Score) 

 
Acreage 

 

Wetland Credits 
(Potential Impact 
Acreage x QPS) 

Social 
Significance 53 63 - - - 

Effectiveness 42 78 - - - 

TOTAL 95 141 0.674 1,223.79 824.83 
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Interim Hydrogeomorphic Model 

In order to assess the function and value of the wetlands present within the proposed mitigation site, the 
Interim Hydrogeomorphic Model (HGM) for riverine systems was used for each of the three wetland types 
identified within the project area (herbaceous, scrub/shrub, and forested).  HGM was used to demonstrate 
the “lift” that would be achieved through preservation.  The mitigation site consists of large forested 
wetland areas that contain valuable timber.  The valuable timber could be harvested, which would 
degrade the forested wetlands.  Additionally, some of the emergent wetlands are located in a pasture that 
is grazed by cattle and routinely mowed.  Vegetation control is also currently managed through the use of 
herbicide.  Removing the cattle would reduce soil disturbance, reduce pollutants, and reduce impacts to 
vegetation.  The cessation of mowing and herbicide application would cease impact to vegetation and 
provide opportunities for habitat restoration.  Preservation and removing the threat of both timber 
harvesting and cattle grazing would protect vegetative and natural resources at the mitigation site.  
Logging activities by the previous owner occurred in late 2009 thus demonstrating the value of 
preservation.  HGM was used to demonstrate the value of preservation of the mitigation site.  Data 
collected for each of the wetland types (i.e., herbaceous, scrub/shrub and forested) was averaged 
together in order to provide a “typical” assessment of each wetland type.  The functional capacity index 
(FCI) coefficient calculated for these averages was then multiplied by the acreage for each wetland type 
within the proposed mitigation site to calculate the functional capacity units (FCUs) for the existing 
wetland habitats.  Wetland types and their associated acreages that are located on the proposed 
mitigation site are depicted by Table 1. 

After the FCUs have been established for the existing wetland habitats, the Interim HGM models for the 
same wetland areas were used to calculate impacts, assuming that the areas had been impacted by 
timber harvesting or silviculture activities.  The FCUs that resulted from this hypothetical scenario were 
subtracted from the original FCUs to calculate the potential “lift” that would result from preserving the 
proposed mitigation site.  The wetland-type specific results of this analysis can be found in the Table 4 
through Table 6 below: 

Table 4 – Herbaceous Wetlands Interim HGM Analysis 

 FCI 
Existing 

FCU 
Existing 

FCI 
Impacted 

FCU 
Impacted Lift (FCU) Lift 

(FCI) 
Storage  0.76 65.36 0.74 63.64 1.72 0.02 
Maintenance 0.50 43.00 0.45 38.70 4.30 0.05 
Removal  0.65 55.90 0.63 54.18 1.72 0.02 

 

Table 5 – Scrub/Shrub Wetlands Interim HGM Analysis 

 FCI 
Existing 

FCU 
Existing FCI Impacted FCU 

Impacted 
Lift 

(FCU) 
Lift 

(FCI) 
Storage  0.65 52.65 0.32 25.92 26.73 0.33 
Maintenance 0.83 67.23 0.15 12.15 55.08 0.68 
Removal  0.65 52.65 0.52 42.12 10.53 0.13 

 

Table 6 – Forested Wetlands Interim HGM Analysis 

 
FCI 

Existing  
FCU 

Existing 
FCI 

Impacted 
FCU 

Impacted 
Lift 

(FCU) 
Lift 

(FCI) 
Storage  0.87 900.45 0.55 569.25 331.20 0.32 
Maintenance 0.74 765.90 0.13 134.55 631.35 0.61 
Removal  0.91 941.85 0.68 703.80 238.05 0.23 
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Modeling Summary 
 
The WET 2.0 methodology results suggest the relative importance of the wetlands on the proposed 
mitigation site compared to those within the project alignment.  There is a direct correlation between 
credits and wetland functions and services.  Wetlands available for preservation on the proposed 
mitigation site were found to contain more than 6.3 times more credits than those wetlands that are would 
be unavoidably impacted along the LBITP alignment.  The difference in the QPS between the wetlands 
within the project alignment (0.64) and those within proposed mitigation site (0.67) suggest an increased 
Social Significance and Effectiveness of the proposed mitigation site wetlands.  This demonstrates that 
the proposed mitigation site wetlands exhibit higher functions and services than those wetlands located 
along the proposed project alignment. 

The Interim HGM analysis was used to show the importance of preserving the wetlands on the proposed 
mitigation site.  Analyses were conducted assuming that timber harvesting activities and cattle grazing 
would continue to impact wetlands on the mitigation site if not preserved.  Greater “lift” for each wetland 
type and function was associated with the existing conditions on the proposed mitigation site than the 
value associated with potential wetland impacts due to the inherent threat of clearing of the Trinity River 
floodplain (pastureland along Gillen Bayou), timber harvesting activities, existing cattle grazing, herbicide 
and pesticide application, drainage improvements, and threat of future residential development.  This 
evaluation demonstrates the relative importance of the wetlands present at the proposed mitigation site.  
Preservation of these wetlands would provide high ecological functions and services to the surrounding 
ecosystem. 

Summary 

In summary, the results from the use of both wetland assessment evaluation models and methodologies 
that wetlands within the proposed mitigation site are likely of higher quality and exhibit a greater Social 
and Ecological Significance than those that would be impacted by the construction of the LBITP.  While 
the results of each method cannot be directly compared one to another, each individual result contributes 
to an understanding that wetlands to be preserved on the proposed mitigation site are of greater value 
than those that would be impacted within the LBITP footprint. 

Based on the 2008 Final Rule, preservation of the approximate 2,992-acre mitigation area may be used 
to provide compensatory mitigation since the following criteria have been met: the preserved resources 
provide important physical, chemical, or biological functions for the watershed; the preserved resources 
contribute significantly to the ecological sustainability of the watershed; preservation is appropriate and 
practicable; the resources are under threat of destruction or adverse modifications; and the preserved 
property would be permanently protected through an appropriate real estate or legal instrument and 
transfer of ownership to the USFWS.  The 2008 Final Rule establishes a hierarchy of compensatory 
mitigation requirements that includes permittee-responsible mitigation as an option.  The proposed 
permittee-responsible mitigation plan includes property acquisition by CWA, survey of the approved and 
negotiated mitigation property, preservation of forested wetlands, mosaic wetlands, emergent wetlands, 
upland forests, and pasturelands, and ultimate conveyance of this property to the TRNWR for long-term 
protection and management. 
 
As presently conceptualized, the compensatory mitigation site would be determined based on the results 
of the field verification of impacted wetlands within the LBITP footprint.  The mitigation site would include 
surveyed areas of the property acquired by CWA for mitigation and could include a portion of the CRPS 
Tract supplemented with land acquired from an adjoining property owner.  The CWA has worked to 
acquire property to satisfy compensatory mitigation requirements for anticipated impacts to aquatic 
resources associated with implementation of the LBITP.  The LBITP has avoided and then minimized 
unavoidable project impacts to the extent possible in accordance with the requirements of Section 10 of 
the Rivers and Harbors Act and Section 404 of the Clean Water Act.  Long-term preservation of the 
mitigation site is expected to be through the transfer of title ownership o the USFWS, with the property 
becoming part of the TRNWR and managed in accordance with the Comprehensive Conservation 
Management Plan for the TRNWR. 
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Sheet 39.  Jurisdictional Aquatic Resources and Type Within LBITP ROW 
Aquatic Resource Type Acres 

Total Forested Wetlands 118.93 
Total Emergent Wetlands 45.26 
Total Scrub-Shrub Wetlands 25.55 
Total Open Water Wetland 11.21 

 Wetlands Subtotal: 200.95 
Total Drainages 0.18 
Total Trinity River 1.67 
Total Lake Houston 0.30 

 River/Lake/Drainage Subtotal: 2.15 
Total Jurisdictional Aquatic Resources: 203.10 
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*  Areas not shaded are either within the Project Footprint
   or consist of Uplands/Roads.

Legend
Harrison Tract

Project Footprint

Drainage

Wetland Percentage
1% - 30% (Mosaic)

30% - 60% (Mosaic)

60% - 99% (Mosaic)

100% Wetland

* Please see Sheets 41 - 44  for details.

Aquatic Resources Acres
Total PEM 6.10
Total PFO 955.71
Total PSS 25.19
Total PFO/PEM/PSS 212.50

Total Wetlands: 1,199.50

Total Drainages 3.70
Total Ponds 1.20
Gillen Bayou 10.90

Total Drainages/Ponds: 15.80

Total Aquatic Resources: 1,215.30
PEM  Emergent Wetland
PFO  Forested Wetland
PSS  Scrub-Shrub Wetland

Upland Resources Acres
Total Upland Forested 840.68
Total Upland Scrub-Shrub 60.92
Total Upland Prairie 327.00
Total Mosaic Forested Upland 469.70
Total Mosaic Scrub-Shrub Upland 40.00

Total Upland: 1,738.30

Total ROW: 156.40

Upland Resources Acres
Total Upland Forested 19.34

Total Mosaic Forested Upland 9.02
Total Upland: 28.36

Aquatic Resources Acres
Total PFO 10.84

Total Wetlands: 10.84

Harrison Tract Mitigation Area
Pump Station Mitigation Area

Mitigation Area Wetlands

Application By:  Coastal Water Authority
USACE Permit No.:  SWG 2009-00188

Sheet         of  44                               Date:  March 2010

Luce Bayou
Interbasin Transfer Project

Site Map

40

Counties:  Liberty & Harris                        State:  Texas



Tr
ini

ty 
Ri

ve
r

Gillen Bayou

Pond

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PSS

PFO

PEM

PFO

PEM

PEM

PSS

PFO

PEM

PFO

PEM

PEM

PSS

PSS

PSS

PSS

PFO

PEM

PSS

PSS

PSS

PFO

PSS
PSS

PFO

PSS

PEM

PSS

PEM

PFO

PEM

PSS

PFO

PSS

PSS

PSS

PSS

PSS

PSS

PSS

PSS
PSS

PFO

PFO/PSS/PEM

PFO

PFO

PFO

0 1,000

Feet

\\u
sh

ou
1f

p0
05

\C
W

A
\W

or
k 

O
rd

er
 6

\3
.0

 R
E

FE
R

E
N

C
E

 S
U

P
P

O
R

T 
D

O
C

U
M

E
N

TS
\3

.4
  N

E
PA

 D
oc

um
en

ts
\3

.4
.2

9 
IP

\e
xh

ib
its

\E
xh

_x
_W

et
la

nd
_T

yp
e_

H
ar

ris
on

_P
S

_P
.m

xd

4 123

Legend
Harrison Tract

Project Footprint

Drainage

Wetland Percentage
1% - 30% (Mosaic)

30% - 60% (Mosaic)
60% - 99% (Mosaic)

100% Wetland

Mitigation Area Wetlands

Application By:  Coastal Water Authority
USACE Permit No.:  SWG 2009-00188

Sheet         of  44                               Date:  March 2010

Luce Bayou
Interbasin Transfer Project

Site Map
PEM  Emergent Wetland
PFO  Forested Wetland
PSS  Scrub-Shrub Wetland

41
*  Areas not shaded are either within the Project Footprint
   or consist of Uplands/Roads.

Counties:  Liberty & Harris                        State:  Texas



Gillen Bayou
Riverine

Pond

PFO

PFO/PSS/PEM

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PEM

PEM

PFO
PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFOPFO

0 1,000

Feet

\\u
sh

ou
1f

p0
05

\C
W

A
\W

or
k 

O
rd

er
 6

\3
.0

 R
E

FE
R

E
N

C
E

 S
U

P
P

O
R

T 
D

O
C

U
M

E
N

TS
\3

.4
  N

E
PA

 D
oc

um
en

ts
\3

.4
.2

9 
IP

\e
xh

ib
its

\E
xh

_x
_W

et
la

nd
_T

yp
e_

H
ar

ris
on

_P
S

_P
.m

xd

4 123

Legend
Harrison Tract

Project Footprint

Drainage

Wetland Percentage
1% - 30% (Mosaic)

30% - 60% (Mosaic)
60% - 99% (Mosaic)

100% Wetland

Mitigation Area Wetlands

Application By:  Coastal Water Authority
USACE Permit No.:  SWG 2009-00188

Sheet         of  44                               Date:  March 2010

Luce Bayou
Interbasin Transfer Project

Site Map
PEM  Emergent Wetland
PFO  Forested Wetland
PSS  Scrub-Shrub Wetland

42
*  Areas not shaded are either within the Project Footprint
   or consist of Uplands/Roads.

Counties:  Liberty & Harris                        State:  Texas



PFO

PFO

PFOPFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO
PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO
PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO PFO
PFO

PFO

PFO

PFO

PFO

PFO
PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

0 1,000

Feet

\\u
sh

ou
1f

p0
05

\C
W

A
\W

or
k 

O
rd

er
 6

\3
.0

 R
E

FE
R

E
N

C
E

 S
U

P
P

O
R

T 
D

O
C

U
M

E
N

TS
\3

.4
  N

E
PA

 D
oc

um
en

ts
\3

.4
.2

9 
IP

\e
xh

ib
its

\E
xh

_x
_W

et
la

nd
_T

yp
e_

H
ar

ris
on

_P
S

_P
.m

xd

4 123

Legend
Harrison Tract

Project Footprint

Drainage

Wetland Percentage
1% - 30% (Mosaic)

30% - 60% (Mosaic)
60% - 99% (Mosaic)

100% Wetland

Mitigation Area Wetlands

Application By:  Coastal Water Authority
USACE Permit No.:  SWG 2009-00188

Sheet         of  44                               Date:  March 2010

Luce Bayou
Interbasin Transfer Project

Site Map
PEM  Emergent Wetland
PFO  Forested Wetland
PSS  Scrub-Shrub Wetland

43
*  Areas not shaded are either within the Project Footprint
   or consist of Uplands/Roads.

Counties:  Liberty & Harris                        State:  Texas



Pond

PFO

PFO

PFO

PSS

PFO

PFO

PFO

PFO PFO PFO PFO

PFO

PFO

PFO

PFO

PFO

PFO

PFO

0 1,000

Feet

\\u
sh

ou
1f

p0
05

\C
W

A
\W

or
k 

O
rd

er
 6

\3
.0

 R
E

FE
R

E
N

C
E

 S
U

P
P

O
R

T 
D

O
C

U
M

E
N

TS
\3

.4
  N

E
PA

 D
oc

um
en

ts
\3

.4
.2

9 
IP

\e
xh

ib
its

\E
xh

_x
_W

et
la

nd
_T

yp
e_

H
ar

ris
on

_P
S

_P
.m

xd

4 123

Legend
Harrison Tract

Project Footprint

Drainage

Wetland Percentage
1% - 30% (Mosaic)

30% - 60% (Mosaic)
60% - 99% (Mosaic)

100% Wetland

Mitigation Area Wetlands

Application By:  Coastal Water Authority
USACE Permit No.:  SWG 2009-00188

Sheet         of  44                               Date:  March 2010

Luce Bayou
Interbasin Transfer Project

Site Map
PEM  Emergent Wetland
PFO  Forested Wetland
PSS  Scrub-Shrub Wetland

44
*  Areas not shaded are either within the Project Footprint
   or consist of Uplands/Roads.

Counties:  Liberty & Harris                        State:  Texas


	LBITP DEIS Appendix L
	Contents
	Acronyms and Abbreviations
	Model Descriptions
	WRAP Cards
	ES – Executive Summary
	ES.1 Development of Water Availability Models for EvaluatingManagement Strategies
	ES.2 Impacts to Bay and Estuary Inflows
	ES.2.2 Location of B&E Inflows
	ES.3 Evaluation of Alternatives for Meeting GBFIG Targets
	ES.3.1 Concept and Target Conditions
	ES.3.2 Methodology

	ES.4 Impacts to Future Water Supply
	ES.4.1 Water Right Yield
	ES.4.2 Reservoir Levels

	ES.5 Instream Flows
	ES.5.1 Identification of Critical Segments
	ES.5.2 Lyons Flows and Field Evaluations

	ES.6 Considerations
	ES.7 Conclusions

	Section 1 – Introduction
	1.1 The Role of WRAP in Modeling Environmental Impacts
	1.2 Purpose of Current Study
	1.3 Water Management Strategies in 2006 Region H RegionalWater Plan

	Section 2 – Development of WaterAvailability Models forEvaluating ManagementStrategies
	2.1 Scenario A: Naturalized Flow
	2.2 Scenario B: Existing Diversions With Full Return Flows
	2.3 Scenario C: Full Authorized Diversions With Full ReturnFlows
	2.4 Scenario D: Future 2060 Conditions With Existing Permitsand Full Return Flows
	2.4.1 D1: Municipal Conservation
	2.4.2 D2: Irrigation Conservation
	2.4.3 D3: Freeport Seawater Desalination
	2.4.4 D4: Expanded Use of Groundwater
	2.4.5 D5: Expand/Increase Current Contracts
	2.4.6 D6: New Contracts From Existing Supply
	2.4.7 D7: BRA System Operations Permit
	2.4.8 D8: Allens Creek Reservoir
	2.4.9 D9: Little River Off-Channel Reservoir
	2.4.10 D10: Non-Municipal Contractual Transfers
	2.4.11 D11: Wastewater Reuse for Industry
	2.4.12 D12: TRA to Houston Contract
	2.4.13 D13: TRA to SJRA Contract
	2.4.14 D14: Houston to GCWA Transfer
	2.4.15 D15: Houston Indirect Wastewater Reuse
	2.4.16 D16: NHCRWA Indirect Wastewater Reuse
	2.4.17 D17: Lake Houston Additional Yield

	2.5 Scenario E: Future 2060 Conditions With Return Flows andAll Recommended WMS
	2.6 Scenario F: Full Authorized Diversions With No ReturnFlows
	Section 3 – Evaluation of Bay and EstuaryInflows and Target Attainment
	3.1 B&E Flow Results
	3.1.1 B&E Inflow Targets and Attainment Frequency
	3.1.2 Location of B&E Inflows
	3.2 Evaluation of Alternatives for Meeting GBFIG Targets
	3.2.1 Concept and Target Conditions
	3.2.2 Methodology



	3.3 Impacts to Future Water Supply
	3.3.1 Water Right Yield
	3.3.2 Reservoir Levels

	Section 4 – Evaluation of Instream FlowRequirements for Future WaterManagement Strategies
	4.1 Identification of Critical Segments
	4.2 Lyons Flows and Field Evaluations

	Section 5 – Discussion
	5.1 Bay and Estuary Inflows
	5.1.1 Changes in Volume, Timing, and Location of B&E Inflows
	5.1.2 Upper Basin Return Flows
	5.1.3 Frequency of Target Attainment
	5.1.4 Considerations


	5.2 Instream Flows
	5.2.1 Critical Segments
	5.2.2 Field Observations

	Section 6 – Conclusions
	Section 7 – References
	APPENDIX A
	APPENDIX B
	APPENDIX C
	APPENDIX D
	EXHIBITS

	LBITP DEIS Appendix M
	Memorandum
	Background
	Methodology
	Annual Results
	Monthly Results
	Conclusions


	LBIBT DEIS Appendix N
	01 TOC and Rpt
	TOC
	Report Text 051412

	02 LBITP Permits Summary Table 041312v1
	Blank Page
	Blank Page
	02 B Records of Contact Combined.pdf
	Email S McKinley_FERC_041112
	ROC_LBITP COH Telco Notes 020312
	ROC_LBITP HC Telco Notes 121311
	ROC_LBITP Liberty CoTelco Notes 041012

	Blank Page
	03 C_REFERENCE MATERIALS FOR PERMITS.pdf
	1_COH_HC Permit Aps Combined
	COH Permit forms
	HC commercial_permit_app
	HC_rec_all_docs_forms

	2_COH_HC SWQ Permitting Combined
	COH_stormwater_quality_requirements
	COH_swq_permit_application
	CITY OF HOUSTON
	Application for Permit       RENEWAL($180.64)

	CITY USE ONLY
	Permit Issuance

	HC_SWQ_app
	Receiving

	HC_SWQ_how_to_obtain_permit
	HC_SWQ_plan_review_sheet
	HC_SWQ_SWQMP_checklist

	3_Homeland Security_inde
	4_FEMA CLOMR AP_mt1_complete
	5_FERC_ENSTOR combined
	Email S McKinley_FERC_041112
	ENSTOR HUB Notice_en
	Fig 2_20070529-0292(17399788)[1]
	Fig 3_20070529-0292(17399789)[1]
	Figure 1_20070529-0291(17396798)[4]

	6_Liberty Copdf
	Liberty Co_Permit Guide
	Liberty County_Webpage_Permits_Licenses

	7_SHECO
	SHECO Ap_02-16-10 English (letter size)
	SHECO Line extension
	SHECO requirements_new service_construction

	8_TCEQ 401 files Combined
	9_TCEQ_Water Rights Combined
	Cert 08-4261B - Amendment Correction 5-5-09
	TCEQ Ext of Time Form10203
	TCEQ Water Rights Amendment Form_10201
	TCEQ Water RIghts Permit Ap_10214

	10_TCEQ Const Gen Permit
	11_TxDOT Utility Request Form 1082
	12_GLO Misc Easement Combined
	13_TPWD Sand and Gravel Permit
	14_USACEpdf
	1_LBITP_NOI_USACE SWG_2009_00188
	Webpage_ USACE Galveston - Permit Application

	15_USFWS ESA Permits

	Blank Page
	Blank Page
	Blank Page
	Blank Page

	LBITP DEIS Appendix O
	Luce Bayou_Draft HEP Analysis 01-30-12
	1.0 Habitat Evaluation Procedure Overview
	1.1 Applicant’s Proposed Alternative
	1.1.1 Proposed Mitigation Property


	2.0  Baseline Assessment
	2.1 Cover Type Determination
	2.2 Evaluation Species Selection
	2.2.1 Beaver
	2.2.2 Belted Kingfisher
	2.2.3 Eastern Cottontail
	2.2.4 Eastern Wild Turkey
	2.2.5 Pine Warbler
	2.2.6 Raccoon
	2.2.7 Wood Duck

	2.3 Habitat Variable Measurements and Cover Type Descriptions
	2.3.1 Evergreen Forest (Uplands)
	2.3.2 Deciduous Forest (Uplands)
	2.3.3 Deciduous Forest (Wetlands)
	2.3.4 Grassland
	2.3.5 Herbaceous Wetlands
	2.3.6 Cropland
	2.3.7 Lacustrine
	2.3.8 Riverine

	2.4 Baseline Habitat Suitability Indices
	2.5 Baseline Habitat Units

	3.0  Habitat Evaluation Procedure Results
	3.1 Period of Analysis
	3.2 Applicant’s Proposed Action Alternative Impact Analysis
	3.2.1 Assumptions
	3.2.2 Results

	3.3 Proposed Mitigation Property Compensation Analysis
	3.3.1 Assumptions
	3.3.2 Results

	3.4 Net Habitat Benefits of the Overall Project

	4.0  References

	01-27-12  Luce Bayou HEP_Figures and Tablespdfopt
	Exhibits.pdf
	Binder1
	Alignment Extended Aerial_1
	Alignment Extended Aerial_2
	Alignment Extended Aerial_3
	Alignment Extended Aerial_4
	Alignment Extended Aerial_5
	Alignment Extended Aerial_6
	Alignment Extended No Aerial_1
	Alignment Extended No Aerial_2
	Alignment Extended No Aerial_3
	Alignment Extended No Aerial_4
	Alignment Extended No Aerial_5
	Alignment Extended No Aerial_6
	Alignment Extended
	Extended Aerial
	Extended No Aerial
	HT East Aerial
	HT East No Aerial
	HT West Aerial
	HT West No Aerial
	Vicinity




	LBITP DEIS Appendix P
	cwa draft
	1.0 Background Information
	2.0 General Information on Zebra Mussels
	3.0 Federal and Texas Law, Regulations and Related Studies
	4.0 Monitoring Methods and Programs
	5.1 Filtration Systems
	6.0 Control/Eradication Plan
	Appendix
	cwa draft-001
	cwa draft1
	cwa draft1-001
	cwa draft1-002

	LBITP DEIS Appendix Q
	1.0   Introduction
	1.1 Project Description
	1.2 Objective of Report

	2.0   Scope and Boundary
	3.0   Methodology
	3.1 Equipment Operations
	3.1.1 Canal Excavation
	3.1.2 Pipeline Installation
	3.1.3 Box Culvert Installation
	3.1.4 Pump Station Construction
	3.1.5 Equipment Delivery and Return

	3.2 Fugitive Dust Emissions
	3.2.1 Material Handling
	3.2.2 Storage Piles
	3.2.3 Exposed Land
	3.2.4 Unpaved Road Dust
	3.2.5 Total Fugitive Dust Emissions

	3.3 Greenhouse Gas Emissions

	4.0   Results and Conclusions
	5.0   References
	Appendix A - Emission Calculations
	Luce Bayou Emissions Summary
	Construction Fugitive EmissionsParticulate Matter
	GHG Emission Estimates
	Diesel Emission Factors
	Fugitive Dust Emission Factors
	US EPA Greenhouse Gas Emission Factors


	LBITP DEIS Appendix R 
	Alternative 4 Summary Property Parcel
	Alternative 6 Summary Property Parcel

	LBITP DEIS Appendix S
	01 Permit_Appl
	02 Table_1 Alternatives Analysis LBITP
	03 AFFECTED LAND OWNERS
	20864
	20862
	3.25 & 3.5
	4.5
	24523 & 24521
	23824 & 106930
	19900
	131051
	21997 & 26332
	DURDIN MADELYN A

	45648
	26346, 26335, 21998, 21999 & 32101
	96317
	14040, 24561 & 22992
	PINO GRANDE TIMBERLANDS LLC

	22993
	27624, 28559 & 15710
	HF HOUSTON GREEN LAND LP
	BENDER E L & F V EST
	BUMSTEAD RICHARD & SYLVIA


	04 Attachment A_coverpage
	Attachment A – Project Description and Alternatives

	05 Att A - Luce IP
	PROJECT DESCRIPTION AND ALTERNATIVES
	3.1.1 Wetland Systems

	06 Att B - Sec 404-B-1
	07 Att C - TCEQ Alternatives Analysis Checklist
	08 Att D - Mitigation Plan FINAL
	Attachment D – Compensatory Mitigation

	09 Permitsketchescoverpage
	Individual Permit Sketches – Sheets 1 - 44

	10 Environmental032210_exhibits


	CBa: Off
	CBb: Off
	CBc: Off
	CBd: Off
	CBe: Off
	CBf: Off
	Address: 
	City,ST,Zip1: 
	CB1: Off
	CB2: Off
	CB3: Off
	CB4: Off
	CB5: Off
	CB6: Off
	CB7: Off
	CB8: Off
	CB9: Off
	CB10: Off
	CB11: Off
	CB12: Off
	CB13: Off
	CB14: Off
	CB15: Off
	CB16: Off
	CB17: Off
	CB18: Off
	CB19: Off
	CB20: Off
	CB21: Off
	CB22: Off
	CB23: Off
	CB24: Off
	CB25: Off
	CB26: Off
	CB27: Off
	CB28: Off
	CB29: Off
	CB30: Off
	CB31: Off
	CB32: Off
	CB33: Off
	CB34: Off
	CB35: Off
	CB36: Off
	CB37: Off
	CB38: Off
	CB39: Off
	CB40: Off
	CB41: Off
	Legal Description: 
	CB42: Off
	Agent/Company: 
	Contact1: 
	Address1: 
	E-Mail1: 
	Phone #1: 
	Engineering Firm Name: 
	Contact2: 
	Address2: 
	E-Mail2: 
	Phone #2: 
	Owner Name: 
	Address3: 
	Phone #3: 
	E-Mail3: 
	City,ST,Zip2: 
	Phone #4: 
	CB43: Off
	CB44: Off
	CB45: Off
	CB46: Off
	CB47: Off
	CB48: Off
	DW1: 
	Width1: 
	Material1: 
	Distance1: 
	Cross Street1: 
	DW2: 
	Width2: 
	Material2: 
	Distance2: 
	Cross Street2: 
	DW3: 
	Width3: 
	Material3: 
	Distance3: 
	Cross Street3: 
	DW4: 
	Width4: 
	Material14: 
	Distance4: 
	Cross Street4: 
	DW5: 
	Width5: 
	Material5: 
	Distance5: 
	Cross Street5: 
	CB49: Off
	CB50: Off
	CB51: Off
	CB52: Off
	CB53: Off
	Other: 
	Est Cost: 
	Number of lots: 
	Number of Spaces1: 
	Cost: 
	Number of Spaces2: 
	Detention Pond Receipt #: 
	SWQ Receipt #: 
	CB54: Off
	CB55: Off
	NEWPERMIT33549: Off
	RENEWAL18064: Off
	AMENDMENT18064: Off
	If Amendment or Renewal previous COH Storm Water Quality Permit Number: 
	Receipt Fee: 
	DATE of this Application: 
	Project Name: 
	DATE of Permit Expiration: 
	GIMS Map: 
	FIRM Panel: 
	FIRM Panel Date: 
	Key Map: 
	Flood Zone Type: 
	BFE for Zone AE: 
	Type of SWQ Structural Controls: 
	3: 
	4: 
	5: 
	6: 
	OWNERS NAME: 
	Phone Number: 
	EMAIL: 
	Fax Number: 
	Mailing Address: 
	NAME OF LOCAL CONTACT IF DIFFERENT THAN OWNER: 
	Mailing Address_2: 
	Phone Number_2: 
	Fax Number_2: 
	Cell Phone Number if available: 
	EMAIL_2: 
	Property Address  Location Description: 
	Name of Subdivision: 
	Section No: 
	Block No: 
	Lot No: 
	Name  No Of SurveyAbstract: 
	Construction Drawings: Off
	Final  Preliminary Plat Application: Off
	Engineers Certification: Off
	Owners Affidavit: Off
	Fee: Off
	Other please specify: Off
	Drawings for structural controls their maintenance and operation: Off
	Notice of Storm Water Quality Requirements: Off
	Proposed Bonding Information including cost estimates for structural controls: Off
	Drawings for Construction Site Activities: Off
	SWQMP Including Operation and Maintenance Requirements: Off
	Include inspection documents pictures manifest: Off
	1: 
	2: 
	Plat Application No for all plans including platting or replatting of single family residences: 
	PWE Drawing No  for all plans requiring construction in public ROW or easements: 
	Building Permit No for all development on private property: 
	Date of NOI for all plans requiring an NPDES or TPDES Construction Permit NOI must be attached: 
	Construction General Permit or an individual permit if available: 
	Date: 
	PERMIT No: 
	RENEWAL No: 
	PERMIT EFFECTIVE DATE: 
	PERMIT RENEWAL DATE 1: 
	PERMIT RENEWAL DATE 2: 
	Applicant Name: 
	Phone: 
	Fax: 
	Applicant Mailing Address: 
	City: 
	State: 
	Zip: 
	Property Owner Name: 
	Property Owners Mailing Address: 
	City_2: 
	State_2: 
	Zip_2: 
	Property Owner Email: 
	Phone_2: 
	Fax_2: 
	New Permit: Off
	New Permit Provide HC Project: 
	Renewal: Off
	Provide Permit No: 
	Amendment: Off
	Transfer: Off
	Master Permit: Off
	Master Permit Provide Permit Nos to be Consolidated: 
	SubdivisionProject Name: 
	Sec: 
	Blk: 
	Lot: 
	Res: 
	Street Address: 
	City_3: 
	State_3: 
	Zip_3: 
	Acreage: 
	Survey Name: 
	Abstract Number: 
	Property Tax Account Number: 
	undefined: 
	undefined_2: 
	undefined_3: 
	HCFCD Name and Unit No: 
	Dry w/Det: Off
	Filter Strips: Off
	Wet w/Det: Off
	10/100 Dry T: 
	B: Off

	10/100 Wet T: 
	B: Off

	OGT: Off
	Trash Sep: Off
	Grassy Swale(s): Off
	OtherExplain: 
	Inlet Inserts: Off
	LID: Off
	Combo: Off
	New: Off
	Re-Dev: Off
	Existing: Off
	Det: 
	 Pond: Off

	FC Ditch: Off
	Open Ditch: Off
	Storm Sewer: Off
	Upon Completion Ownership of the Permanent Storm Water Quality Feature Will be Transferred To: 
	Property Owner: Off
	HCFCD: Off
	MUD: Off
	HOA: Off


